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“Without trees where can we sit away from the heat of the mid-day sun? Without trees what do 
cattle, goats, sheep and camels eat at the end of the dry season? Without trees, with what are homes 
built; with what is food cooked and where do we get fruits to eat?  
Without doubt, trees are good.”  
Teel (1993:1). 
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1. INTRODUCTION 
This study is a Master of Science thesis in Regional Studies with a specialization in 
Development Geography. The title of the thesis is: The Significance and Sustainability of 
Charcoal Production in the Changing Landscape of Dakatcha Woodland, SE Kenya. The 
study comprises of seven parts: Introduction, Research Compilation, Local setting, 
Theoretical framework, Results, Discussion and Conclusions (and Appendices). Figure 1 
presents the contents of the study.  
 
 
 
 
 
Figure 1. Contents of the study. 
 
The study scrutinizes the problematics of the human-nature relationship in a development 
country context drawing theoretically and methodologically from two fields of geography: 
Development Geography and Geoinformatics. It analyzes the correlation between biodiversity 
and ecosystem service (ES) loss and human actions and tries to untangle the possibilities for 
sustainable co-existent of both humans and nature. These actions are combined in one 
objective: to contribute in the planning of sustainable management of land and forests, and 
sustainable livelihoods in Dakatcha Woodland area in southeast Kenya. A hardcopy of the 
thesis can be accessed at the collection of Kumpula Undergraduate Library of Science in 
Helsinki, and an electric version at the E-Thesis service (http://ethesis.helsinki.fi/). 
A lot of research has been done related to the themes that form the theoretical framework of 
this study: land use and land cover change (LULCC) and deforestation; forest ecosystem 
services and vulnerability of natural and human systems; forest management and land tenure 
in Kenya; sustainable land management, development and livelihoods; and woodfuel energy. 
In the heart of this study there is environment and its' change, which affects biodiversity and 
ecosystems, and thus ecosystem sercives. Because all human beings rely upon the services of 
ecosystems (Mertz 2005: 5), weakened ecosystem services deteriorate the possibilities to have 
good living conditions and livelihoods (MA 2005: 5). Environmental change is caused both 
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by human and natural factors that can be categorized in three broad categories (Moinde-
Fockler et al. 2007: 1165), of which first is resource utilisation by humans that does not 
necessarily result in partial or complete forest cover removal but causes deterioration of forest 
stature. It can be for instance tree and honey harvesting, and logging. Land use practices like 
cultivations  that  can  result  to  partial  or  complete  removal  of  forest  canopy  cover  form  the  
other category, whereas natural impacts, like flooding and natural dieback of trees, make the 
third (Moinde-Fockler et al. 2007: 1165). According to Nature Kenya (2008: 3), Dakatcha 
Woodland, which is an inhabited woodland area in Magarini District about 140 kilometers 
north  from  Mombasa,  and  25  to  50  kilometers  inland  from  the  Indian  Ocean,   has  suffered  
major damage from uncontrolled logging and clearing, especially within the hilltop 
Cynometra-Brachylaena forests; charcoal burning to satisfy energy demands in the nearby 
centres and towns, mainly Malindi, Watamu and Kilifi; encroachment by local people into the 
woodland through agricultural expansion and shifting cultivation; fires from charcoal burning 
and agricultural activities; massive logging of Brachystegia trees; and extremely high levels 
of unsustainable bushmeat hunting. Besides these, planting of Jathropa curcas is discussed in 
Dakatcha Woodland for bio-diesel production (A Rocha Kenya 2009a). That, too, is 
threatening the ecological integrity of the area, which is one of the last patches of relatively 
intact coastal woodland in Kenya (Mbuvi et al. 2011: 15). Dakatcha Woodland has also been 
identified as an Important Bird Area (IBA) and Key Biodiversity Area (KBA) due to species 
that reside in the area (Nature Kenya 2008: 3). 
According to Mbuvi et al. (2011: 30-32) current problems related to Dakatcha Woodland 
include: poverty; weak institutional framework; deforestation; land tenure system; soil 
infertility/poor soils; ignorance/illiteracy; high population growth; and climate change 
negative effects. Due to the high poverty levels in the area, income generation is a pressing 
need (DWCG 2010: 4), but the lack of proper management, unclear land tenure system and 
lack of title deeds can be seen as the main problems related to the area (Mbuvi et al. 2011: 11, 
21-22, 30-32). Land use is the key to poverty reduction and maintenance of sustainable 
livelihood systems in developing countries (KNCHR 2006: 54) just like clear tenure and user 
rights are essential for succeeded sustainable forest management (Eliasch 2008: 193) that can 
contribute towards wealth generation both at national and local levels and help safeguard a 
range of environmental functions. Sustainable land use and development depend on national, 
regional and local policy and leadership; and on participation by and benefits to local people 
in order to give them incentive to contribute positively to the settings (Skidmore ed. 2002: 1). 
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For these reasons, possibilities for sustainable land and forest management and income 
generating activities are reflected in this study.  
Deforestation and forest degradation, which are pressing problems in Dakatcha Woodland, are 
examples of land use and land cover change (LULCC) caused by humans (Nature Kenya 
2008: 3). Land cover change analysis by Mwanikah (2008: 42) shows decrease of 19.3 
percent in the forest cover for the period 1975 to 1987; -48.4 percent (1987 to 2000) and -58.3 
percent from 1975 to 2000 in area including Dakatcha Woodland. Remote sensing (RS) and 
Geographical Information Systems (GIS) provide means to assess the land cover and thus the 
state of environment. Combined with socio-economic data they offer ways to assess the 
poverty-environment linkages and offer data to land and forest resource management planning. 
This study contributes to the existing local land cover data by analyzing four SPOT satellite 
images from 2005/06 and 2011, and by forming a land cover classification for the said years, 
thus scrutinizing also the change in land cover. Besides SPOT data, other GIS data (ISRIC 
2010; Vagen 2010 etc.), Kenya Topographical maps 1:50,000, and in situ-measurements and 
observation are utilized for land cover detection. Other important data sources include, e.g.: 
Diaz-Chavez et al. (2010), FAO (2010a), Hoorweg et al. (2003), and Skidmore ed. (2002).  
The forest resource use is related to household energy as in Kenya the demand for woodfuel is 
one of the key drivers of deforestation and land degradation. The fuelwood accounts for 70 
percent of all energy consumed nation-wide and up to 90 percent in the rural areas (Diaz-
Chavez et al. 2010: 70). Woodfuel energy is an issue that ties together forest resources, 
livelihoods and sustainable development. The loss of forests and denied access to forest 
products deprives rural dwellers of the forest goods and services they need for their 
subsistence and livelihoods. The cost of fuelwood and other forests goods tends to rise as 
forests become scarcer, with obvious implications for the poor, especially to women. The loss 
of forests also leads to the loss of wildlife, which can influence harmfully on the tourism and 
food sources leading to increasing hardship for the poor (CIFOR 2005: 3). On the other hand, 
forest resources offer income to local households: nearly 40 percent of the local households 
are involved in charcoal production in Dakatcha Woodland according to Nature Kenya 
(2010a). That is why the production of woodfuels and household energy consumption are 
examined in this thesis. Charcoal utilization patterns, and the supply network in the area are 
studied in detail, via literature review but also through socio-economic assessments (e.g. 
Nature Kenya 2010a; A Rocha Kenya 2009a & 2009b; KNBS 2007), observation, 
questionnaires (90 households were assessed in October 2010) and semi-structured expert 
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interviews (2 from October 2010 and 3 from April 2011), to reveal the significance of 
charcoal production to local livelihoods and environment. The sustainability of charcoal 
production, and its’ relation to land cover change are reflected, too. 
1.1 Aims and motives of the study 
My inspiration to take up this subject arises from two sources: personal knowledge of the 
study area and interest towards sustainable livelihoods. I visited the study area part of a field 
course organized by Department of Geography of University of Helsinki in January 2009, and 
also  conducted  my  BSc  work  practice  for  Nature  Kenya  in  Sabaki  Village  close  by  to  
Dakatcha Woodland in February 2009. Secondly, this study contributes to a Nature Kenya 
project regarding mapping of Dakatcha Woodland and to the planning and developing the 
area as it gathers up information about the land cover change, management systems, and local 
livelihoods and energy consumption and analyzes the sustainability of them from the 
biodiversity and ecosystem service point of view.  
The main objective of this study, to contribute to the planning of sustainable management of 
land and forests, and sustainable livelihoods of the the local population in Dakatcha 
Woodland, will be achieved by studying the related themes in the local context with varying 
data and methods. More specifically, the study will reveal some of the local natural resource-
livelihood relationships and interrelated factors that contribute positively or negatively to the 
degradation of resources, and to local livelihoods.  
First specific objective is to untangle how the livelihoods, in particular the charcoal 
production, and the energy consumption patterns influence the environment but also 
acknowledge the role of charcoal production for local livelihoods. It is reached by answering 
to: What are the local livelihoods and what is the significance of charcoal production in them 
and what kind of influence it, and by large, the local energy consumption bare to the 
environment and land cover? 
Secondly, the study detects the recent land cover change in Dakatcha Woodland area by 
analyzing in-situ data and satellite imagery in RS and GIS applications. Through this 
detection, and other data such as relevant literature, it analyzes the relation of livelihoods, 
especially charcoal production, to the land cover change, and the environmental and socio-
economic impact of land cover change in the study area. The second objective is reached by 
answering the next questions: 1) Of what elements does the land cover consist in Dakatcha 
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Woodland in 2005/06, and in 2011? 2) Which human influenced causes can be found behind 
the change of the land cover? 3) How does the change of land cover influence on the local 
environment and on the local population? 
Finally, the study explores the possibilities to promote sustainable development, livelihoods 
and ecosystem services in the area. The third objective is reached by answering the following 
question: Which management systems could be used in Dakatcha Woodland that would both 
ameliorate the livelihoods of the local population and assure the conservation of biodiversity 
and ecosystem services?  
1.2 Central concepts 
The main concepts and terms related to the study: ‘biodiversity’, ‘ ecosystem services’, ‘land 
use and cover change (LULCC)’,  ‘forests and deforestation’,  ‘woodfuels’,  ‘sustainable 
development and livelihoods’, and ‘household’ are defined next.  
1.2.1 Biodiversity 
The Convention on Biological Diversity specifies in the Article 2 the biological diversity as 
the variability among living organisms from all sources including, inter alia, terrestrial, 
marine and other aquatic ecosystems and the ecological complexes of which they are part; and 
diversity within species, between species and of ecosystems (Busby 2002: 145; MA 2005).  
1.2.2 Ecosystem services 
Ecosystem is a complex of plant, animal and micro-organism communities and their non-
living environment interacting as a functional unit (Busby 2002: 145). According to 
Millennium  Ecosystem  Assessment  (MA  2005)  ecosystem  services  (ES)  are  the  benefits  
people obtain from ecosystems. They can be divided in four types: provisioning services such 
as food and water; regulating services such as flood and disease control; cultural services 
such as spiritual, recreational, and cultural benefits; and supporting services, such as nutrient 
cycling, which maintain the conditions for life on Earth. All human beings rely upon the 
services of ecosystems and manipulate them either directly, for instance by extaracting forest 
products, or indirectly (e.g. emission of green house gases) in order to sustain life (Mertz 
2005: 5). According to Boyd and Banzhaf (2007: 619), many components and functions of an 
ecosystem are intermediate products in that they are necessary to the production of services 
but are not services themselves. Some of the ESs are considered free of charge, such as 
resources in marine areas and access to terrestrial habitats. The North, that is rich regarding 
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Gross Domestic Product (GDP) and relatively poor in biodiversity, utilizes many of the 
services provided by the ecosystems of the South (Mertz 2005: 6). According to Mertz et al. 
(2007: 2730) loss of biodiversity, degradation of ecosystems and subsequent reduction in 
goods and services are seen as major barriers to the achievement of the United Nations’ 
Millennium Development Goals, which makes them an important factor in poverty alleviation. 
1.2.3 Land use and land cover change (LULCC)  
 
Land-use and land-cover change (LULCC) is a general term for direct and indirect 
consequances of human modification of Earth's terrestrial surface to secure essential resources. 
LULCC drives changes, such as climate change, biodiversity loss and pollution of water, soils 
and air, in ecosystems and environmental processes at local, regional and global scales. Land 
cover refers to the physical and biological cover over the surface of land, including water, 
vegetation, bare soil, and/or artificial structures (EOEARTH 2011). The change in land cover 
can take place in two ways: inside a class (for instance change of closed woodland to open 
woodland) or between classes (from bushland to grassland, for instance) (FAO 2005: 6). Land 
use is defined by natural scientists in terms of syndromes of human activities such as 
agriculture and forestry that alter land surface processes. Social scientists and land managers 
define land use more broadly to include the social and economic purposes and contexts for 
and within which lands are managed or left unmanaged (EOEARTH 2011).  
While land cover may be observed directly in the field or by RS applications observations of 
land use and its changes generally require the integration of natural and social science 
methods to determine which human activities are occurring in different parts of the landscape, 
even  when  land  cover  appears  to  be  the  same.  As  a  result,  investigation  of  the  causes  and  
consequences of LULCC requires an interdisciplinary approach (EOEARTH 2011).  
1.2.4 Forests and deforestation  
According to the Food and Agriculture Organization (FAO) forest is a land spanning more 
than 0.5 hectares with trees higher than five meters and a canopy cover of more than 10 
percent, or trees able to reach these thresholds in situ (FAO 2010b: 9-10). Arnold et al. (2003) 
has defined forests “to include all resources that can produce forest products. These comprise 
woodland, scrubland, bush fallow and farm bush, and trees on farm, as well as forests”. This 
wide definition of forests concentrates on the producing potential that relates forests to 
livelihoods (Somorin 2010: 905). Kenya Forests Act 2005 defines forests as: “any land 
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containing a vegetation association dominated by trees of any size, whether exploitable or not, 
capable of producing wood or other products, potentially capable of influencing climate, 
exercising an influence on the soil, water regime, and providing habitat for wildlife, and 
includes woodlands” (GOK 2005: 6). Forests cover about 30 percent of Earth’s land surface 
and  regulate  the  Earth’s  climate  through  the  carbon  cycle  as  they  contain  77  percent  of  all  
carbon stored in vegetation and 39 percent of carbon stored in soils. They sequester and store 
more carbon per hectare than any other land cover type, and provide multiple ecosystem 
sercives (Eliasch 2008: 30; GOK 2005: 24).  
 
Deforestation is defined by the UNFCCC as the direct human-induced conversion of forested 
land to non-forested land. Forest degradation occurs when a forest is damaged – for example 
by cutting down a proportion of the trees as in selective logging (Eliasch 2008: 19). Estimated 
13 million hectares of forests are converted to other land uses each year while 5.5 million 
hectares are afforestated and reforestated (A/R) yearly, mainly in the temperate regions. 
Afforestation is defined by the IPCC as the planting of new forests on lands that historically 
have not contained trees, where as reforestation refers to the establishment of trees on land 
that has been cleared of forest within the recent past. The enhancement of damaged forests to 
re-establish a forest to its natural structure and carbon stock is called restoration (Eliasch 2008: 
20). However, restoring forest cover rarely returns the carbon storage and biodiversity extent 
to the level found in the original forests (ibid. 48).  
 
1.2.5 Woodfuels 
Woodfuels are any type of biofuel that is derived directly or indirectly from trees and shrubs 
grown on forest and non-forest land (FAO 2004: 16). According to FAO (2010a: vii) wood 
energy is the dominant source of energy for over 2 billion people and 14 percent of world’s 
total primary energy is provided by biofuels, especially fuelwood and charcoal but also crop 
residues and animal dung. Two main types in Kenya; fuelwood that describes woodfuel where 
the original composition of the wood is preserved, and charcoal that is carbonized wood, are 
used for domestic cooking and heating, which makes them vital to the nutrition of the poor 
rural and urban households (FAO 2010a: 4-5). Extraction of biomass for woodfuels causes 
deforestation and forest degradation, but also offers income to forest adjacent people, 
especially in developing countries (Diaz-Chavez et al. 2010: 70; FAO 2010a: iiv). 
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1.2.6 Sustainable development and livelihoods 
 
Sustainable development has its roots in the eco-development concept of the 1970s, in 1972 
UN Conference on the Human Environment in Stockholm, in the 1980 World Conservation 
Strategy, and in the work of World Commission on Environment and Development (WCED), 
i.e. Brundtland’s commission that defined the concept of sustainable development in 1987 
(Valkila 2007: 125) as: “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” (WCED/UN 1987: 
57). After 20 years of the birth of the concept, sustainable development is endorsed by all in 
theory but not in practice (Stochetti 2011). For instance, economic growth is still considered 
an inviolable principle over people’s rights and welfare or environmental processes and 
thresholds (Bass 2007: 2). Chambers and Conway (1991: 6) define a livelihood as comprising 
the capabilities, assets (including both material and social resources) and activities required 
for a means of living. When a livelihood is able to cope with and recover from stresses and 
shock and maintain or enhance its capabilities and assets both now and in the future 
respecting the natural resource base, it can be called sustainable.  
1.2.7 Household 
This study follows the definition of household used by the Kenya National Bureau of 
Statistics  (KNBS),  which  defines  a  household  as:  “A person of a group of persons living in 
the same compound (fenced or unfenced), who are answerable to the same household head 
and share a common source of food and / or income. The household head on the other hand is 
defined as the member who makes day-to-day decisions in the household and whose authority 
is acknowledged by other members” (KNBS 2007: 9). 
 
2. RESERCH COMPILATION 
We come to gain knowledge of the world through paradigms. Main traditional paradigms in 
Geography are Environmentalism and Regionalism: the previous is based on the notion that 
nature suggests limits, and societies make judgements on the extent to which those limits are 
accepted related to their economic strengths, political ideals and moral judgements, and the 
latter is based on the notion of interrelations of specific region and its people in comparison 
with other regions (Herbert & Matthews 2004: 6). Today, important paradigms include 
Spatial Science, Humanism, Critical Realism and Post-Structuralism (Shaw et al 2010: 18). 
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Critical Realism, that is the main paradigm in this study, recognizes the need for 
hermeneutical understanding of the world and events that cause it to change. The scope is thus 
the reflection and interpretation of the nature of events and the wider mechanisms that enable 
them as well as the causal forces or structures from which they emerge (ibid. 2010: 18, 21). 
Event in this study is the charcoal production that takes place in a certain location where its 
significance  and  sustainability  is  studied.  The  wider  structures  of  the  event,  as  well  as  the  
causes and consequences are reflected in the local setting, but also related into a more global 
scale using varied research methodologies that draw from Natural Science and Social Science 
traditions, from GIS and RS, and Development Geography. 
Many geographical studies, including this one, are holistic in their nature. They attempt to 
understand the totality of the Earth’s surface by combining methods and by covering a range 
of scales from local to global; by focusing on the interdependence of people and environment; 
by involving a multidimensional approach to space and time; by investigating inclusive 
objects of study like landscapes, places and regions (Matthews & Herbert 2004: 21-25).  
The research is inductive in its nature when a theory or a model is formed based on empirical 
evidence. The deductive approach is used when an existing theory is used to form hypothesis 
and the empirical evidence is used to prove (or disapprove) the hypothesis and theory 
(Hirsjärvi et al. 2004: 134-135). Millenium Ecosystem Assessment (MA 2005: 5) sets the 
biodiversity and ecosystem service theory on which the study stands: diminishing biodiversity 
and weakened ESs cause deterioration of livelihoods. Thus we can call part of this study 
deductive; since the hypothesis derived from the theory is used to see things on the field and 
the things (the empirical evidence) proves or disapproves the hypothesis. On the other hand 
the local context defines the possibilities for the local population, and thus the empirical 
evidence can be the base for making a theory or a hypothesis about survival strategies in areas 
similar to the one studied here. 
 
2.1 Research methodology 
Commonly used methodologies in both Human and Physical Geography include Cartography 
(including GIS and RS) that is related to the recording and representing the surface of the 
Earth, and Field Work that reflects the need for primary empirical data be it gathered and 
analysed through extensive sampling or intensive case studies and with quantitative 
measurement or qualitative observation methods (Matthews & Herbert 2004: 22-23). By 
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including local communities and their actions the study forms part of Social Science research 
traditions, where as throug the use of RS and GIS methods the study examines the physical 
environment and its change. These methodologies allow geography to address significant 
problems of society and the environment using explicitly spatial data, information, evidence 
and knowledge. Also, they represent two important media through which geographical 
information can be brought to wider public (Longley & Barnsley 2004: 62). RS is an essential 
tool of land-change science because it facilitates observations across larger extents of Earth’s 
surface than is possible by ground-based observation (EOEARTH 2011). 
 
In Development Geography geographers study spatial patterns in development in various 
scales from local to global. The discipline analyses the causes and consequences, both 
geographical and socio-economical, of differencies in human and environmental well-being. 
It also analyses variation across space and linkages among places (Bebbington 2003: 298). 
Often all factors: environmental, economic, political and social are studied and various 
methods and data are used.  
In the discipline development can be understood as the arena in which diverse actors 
(operating from different places and at different scales) struggle to rework the balance of 
control over access to resources as well as the control over and transformation of those. Core 
concepts in development geography, place, livelihood, scale and network, are essential for the 
forthcoming reasons elaborated by Bebbington (2003: 298). According to him, places are 
structuring elements of livelihoods. However, places are also produced by livelihoods of the 
people. The knowledge of place facilitates us to understand how geography-forming decisions 
are made, where as the knowledge of livelihoods enables us to understand better the processes 
which lead into decisions in different scales. Understanding of different scales is essential to 
understand places and related processes; where as the concept of network helps us to 
understanding of linkages across the scales (Bebbington 2003: 301-302). 
Development is often measured by indicators, quantitative and qualitative, economic and 
social,  that  are  used  to  describe  the  current  state  of  development  in  the  research  area  and  to  
relate it  to the situation in the country or in the global South or North,  or in the world.  This 
study emphasizes the sustainability of actions that may lead to development or to a decrease 
in wealth and equality. Sustainable development is studied to understand how to meet the 
needs of the present without compromising the needs of future generations to meet their own 
needs as defined by the Brundtland’s Commission in 1987 (WCED/UN 1987: 57). The field 
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of sustainable development can be conceptually broken into three constituent parts: 
environmental sustainability, economic sustainability and sociopolitical sustainability. 
 
The study is a case study that concentrates to a specific area and specific time. Other factors 
that relate to a case study are: the intensity of the information, interest in processes, and the 
relation between the case and its' context and the versatility of the methods used to acquire 
data (Hirsjärvi et al. 2004: 125-126). Qualitative and quantitative data can be thus combined 
in a case study. In this study, the RS part is mainly measuring the change of land cover, which 
is attained with a quantitative approach. The further research about the causes and 
consequences of the land cover change are clearly more qualitative in their nature. Hirsjärvi et 
al. (2004: 126) continue that the objective of a case study as a research strategy is commonly 
to describe phenomena, in this case the significance and sustainability of charcoal production 
related to social and environmental sustainability.  
 
2.2 Data and its processing 
 
Data utilized for this study comprises of primary data: satellite images and GIS data for 
spatial analysis; observations, questionnaires, informal communications and semi-structured 
interviews for detailed socio-economic data collection; and of secondary data: maps, 
household assessments, statistics and literature. Two field work periods took place for this 
study: first in September-October 2010 and the other in April-May 2011.  
 
GIS ans RS data comprises of satellite imagery from SPOT (Le Système Pour l’Observation 
de la Terre, Earth Observation System) satellite that was used due to appropriate resolution 
and access to suitable scenes. Other data used comprises of other GIS data including DEM 
data, topographical maps and soil data. RS and GIS data was obtained both by desk-studies as 
well in-situ measurements and observations. Spatial data, related to charcoal production sites 
and household locations, for collecting ground truth data and ground reference test data for 
the accuracy assessment, was collected using Global Positioning System (GPS) device 
MAGELLAN along visual land cover type observation conducted by foot and by car across 
the area. Nature Kenya and A Rocha Kenya provided secondary data for compiling shapefiles 
and ERDAS IMAGINE 9.2 and ENVI softwares were used for deriving the land cover data. 
For mapping purposes and analysation ArcGIS 9.3 applications were utilized, and 
observations were marked as sample areas on the satellite image print with a water-proof 
marker. Field measurements were used to collect data related to tree species diffusion. 
12 
 
Microsoft Office 2007 package was used in data processing, too. Topographic maps from 
years 1981 and 1991 provide the projection parameters for the mapping, and they were 
utilized in the field work.  
 
My survey is supplementing a more broad socio-economic household survey conducted in 
Dakatcha Woodland in January 2010 by Nature Kenya. In that survey 508 households were 
questioned about farm size and forest use; crops and livestock; income; wild animals use and 
value; construction and repair material; herbal plants and cultural/traditional use of the forest. 
Household data from Mbuvi et al. (2011) proved extremely useful for its recent nature. Other 
studies that are used for the data comparison include A Rocha Kenya study from 2009 and the 
Kenya Integrated Household Budget survey by KNBS from 2007. The last mentioned has an 
effective coverage and response rate of 98 percent. A total of 8610 rural and 4820 urban 
households were questioned in national level; 680 rural and 600 urban in the Coast region; 
and 90 rural and 80 urban in Malindi area (KNBS 2007: 4). A Baseline Survey by Musila et al 
(2006: 4) that aimed to set a baseline on the conservation and birds’ status of Dakatcha with a 
view to finding a long-term solution to the conservation challenges of the woodland is 
utilized, too. The survey also included informal interviews conducted in Mlunguni Village 
Market in Kasikini in Baricho forest block (Musila et al. 2006: 5-6). The KNCHR (2006) 
report provides district related information about households, livelihoods and land tenure. 
 
‘Kenya Coast Handbook: Culture, Resources and Development in the East African Littoral’ 
edited by Hoorweg et al. (2003) provides large amount of physical and human geographic 
information about specific features that relate to Kenyan coastal areas, including Dakatcha 
Woodland. Eliasch (2008) discusses in ‘Climate Change: Financing Global Forests: The 
Eliasch Review’ the causes and impacts of deforestation and about needed changes in policies 
for sustainable land and forest management, Bryant et al. (1997) pose similar arguments in 
‘The Last Frontier Forests: Ecosystems and Economies on the Edge’ for sustainable 
management systems to avoid deforestation where as FAO (2006) ‘Better Forestry, Less 
Poverty. A Practioner’s Guide’ discusses the alternative management systems in order to 
improve the participation of poor and landless. White and Mustalahti (2005) make analyses of 
the vulnerability and sustainability of livelihoods in ‘Finnish Forestry Assistance: Success 
Story of Failure? Analyses of Case Studies from Sub-Saharan Africa and their Possible 
Impacts on Poverty Reduction’. 
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FAO (2010a) ‘Criteria and Indicators for Sustainable Woodfuels’ is used as the main source 
for charcoal related issues: it discussed the positive and negative impacts of fuelwood 
production and consumption. Kinyanjui (1987) describes closely the charcoal production and 
supply network besides economic impacts of the production. ‘Mapping Food and Bioenergy 
in Africa’ by Diaz-Chavez et al. (2010) supplements the previous studies as it provides 
information about forests, land tenure and management and fuelwoods in Kenya. Anderson et 
al. (1999) describe further sustainability of household energy production and consumption in 
‘Rural Energy Services. A Handbook for Sustainable Energy Development’. Several writers 
have contributed to ‘Remote Sensing and Geographical Information Systems for Resources 
Management in Developing Countries’ (eds. by Belward & Valenzuela 1991) which is used 
as a source for RS and GIS related issues together with ‘Environmental Modelling with GIS 
and Remote Sensing’ edited by Skidmore (2002) that relates to sustainable models of land 
management among other themes. 
 
2.2.1 Socio-economic data collection and analysis methods 
 
When a study is made in social environment research ethics must be considered (Scheyvens et 
al. (2003: 143). The anonymity of persons interviewed was assured, if so prefered, so no 
inconvenience is caused to anyone. The participants were informed about the nature of the 
study before the interview or discussion and all the compensations paid during the field work 
were negotiated and agreed on with the remunarated assistants. According to Scheyvens and 
Storey (2003:44-47) researcher must take in consideration the consequences of the research, 
the length and time taken from the interviewees, who gains access to the data and what is the 
final product. These issues were considered during the field work, and after, for instance, the 
thesis will be accessible from Internet and it will be sent to the NGOs in Dakatcha Woodland.  
 
Literature review was used to interpret the secondary sources, where as the contents of 
interviews and open questions from the questionnaires were analysed by themes and 
connections that related them to the theoretical framework as recommended by Hirsjärvi and 
Hurme (2006: 153). Quantitative data from assessments, surveys and other sources was 
analysed statistically using Microsoft Excel 2007 where as qualitative analysis was done with 
Microsoft Word 2007. 
 
Observations were done in the the study area by walking and by car. Improvised informal 
discussions were conducted during the field observations, for instance, if local charcoal 
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makers; local dwellers; police men; cess collectors at road tolls; and charcoal transporters 
were met in the forest. They were questioned about the production methods and remuneration. 
For instance, volume of the charcoal that is being exported from the Dakatcha Woodland was 
questioned  at  the  road  tolls,  and  another  monitoring  of  the  volume  of  the  traffic  was  
commissioned in the Sabaki Village adjacent to the Sabaki Bridge, where research assistants 
counted the amount of charcoal and firewood loaded vehicles during one week (April 18 to 24, 
2011), daily from 6am to 6pm.  
 
Questionnaires are a viable means of collecting quantificable data quickly, and they provide a 
way to test the generability of previous assessments (Hirsjärvi & Hurme 2006: 45). The size 
of the sample in the questionnaires (90) as well as the sampling area, however, restricts broad 
generalization of the results. Questionnaires, including both quantitative and qualitative 
questions (see Appendix 1) related to general household information such as location; 
education; housing; livelihoods and income; land tenure and use; forest use; charcoal 
production; community participation; environmental awareness and opinion about 
conservation of Dakatcha Woodland. They were conducted within 90 households during one 
week in October 2010 by three local research assistants (Samson Katisho, Thomas Kalume 
and Samuel Kenga) who worked individually in the western side of Dakatcha Woodland. 
Each research assistant was conducting about 30 questionnaires. One of the questionnaires 
failed, so total amount of households interviewed is 89.  
 
The assistants were compensated for their work, but participating households received no 
compensation. Questionnaires were codified and the answers classified. The households were 
not pre-chosen, but the research assistants were given instructions to not to choose 
immediately adjacent households and about how to explain about the study the households as 
well as to go through the questionnaire with them in order to avoid misunderstandings. 
According to Hirsjärvi & Hurme (2006:184) this improves the reliability of the results. Nature 
Kenya staff was consulted about the questionnaire before starting the household visits to 
assure the suitability and correct words and expressions. Time constraint was one reason why 
the household interviews were conducted by assistants, but more significant issue was the 
opinion  of  the  local  assistants  and  staff  from Nature  Kenya,  that  I  would  not  get  as  reliable  
data as an outsider, and even more as a young white female researcher. It should be 
acknowledged that questionnaires as well as informal discussions and semi-structured in-
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depth interviews are always related to the context and time (Hirsjärvi et al. 2004: 196). For 
this reason the results are not to be generalized as such. 
Un-structured theme interviews were conducted with experts. These interviews which took 
from 30 minutes to an hour were not agreed on on before hand and the themes evolved during 
the discussion as is the case with un-structured interviews (Hirsjärvi et al. 2004: 198). The 
themes related to the current state of Dakatcha Woodland, related problems and charcoal 
production. Interviewed persons include: the Director of A Rocha Kenya, Colin Jackson 
(Jackson 2011); Francis Kagema, Coast Region Conservation Co-ordinator for Nature Kenya 
(Kagema 2010), and Ken Muhia Gichera (2010).  
Semi-structured expert interviews, or focused interviews, have pre-defined themes but no 
strict order (Hirsjärvi et al. 2004: 197). Focused interviews are based on already acquired 
knowledge on the theme, both on the part of the interviewer (through literature review, for 
instance) and on the interviewee (through personal experience, for example) (ibid. 47). The 
focused interviews were agreed on beforehand. They were open and flexible in the sense that 
questions were not asked necessarily in order and when other themes emerged during the 
interview they were discussed, too. The purpose of the interviews was clear to the participants. 
The interviews were recorder using paper and a pen, and later the information was classified 
by themes. Some of the interviewees were interviewed with a help of a translator, Ken Muhia 
Gichera, who was compensated for his work. The interviewees were not remunerated. 
 
These semi-structured expert interviews were agreed on and conducted with an officer from 
Marafa Government Office (2011): about the current state of the woodland related to land 
tenure and management, and to household energy consumption; Dakatcha Woodland Site 
Conservation Officer for Nature Kenya, Dominic Mumbu (2010): about the charcoal 
production in the area, and about income generating activitities taking place in the woodlands; 
Conservation Program Manager for Nature Kenya, Alex Ngari (Ngari 2011): about current 
state of the area, household energy consumption and about possibilities for sustainable 
management systems; Malindi District Physical Land Use Planner, Riungu Mwenda 
(Mwenda 2011): about the land tenure and management systems in place, and about the 
planned Jatropha project in the woodlands; and Kenya Forest Service Malindi District Officer, 
Kalama Ruwa (Ruwa 2010): about the charcoal production and transportation, and 
administrative settings in place related to charcoal production and land management. 
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2.2.2 DEM, topographical maps and soil data collection and processing methods 
 
Digital elevation model (DEM) from Africa Soil Information Sercive (AfrHySRTM) (Vagen 
2010) was used was used beside topographic maps and other shapefiles in producing the data 
for the mapping. AfrHySRTM is hydrologically corrected/adjusted DEM that uses the 
CGIAR-CSI SRTM 90m Version 4 as a source. It was produced at ICRAF in Nairobi, Kenya. 
The dataset is an adjusted elevation raster in which any depressions in the source DEM have 
been filled, but allowing for internal drainage since some landscapes contain natural 
depressions (Vagen 2010). According to the AfrHySRTM based DEM, 37.2 percent of the 
context  area  is  lower  than  100  meters  a.s.l.,  and  93.7  percent  is  lower  than  200  meters  of  
altitude. This diseased distribution of data led in to choosing heterogenous altitude classes for 
the topographical map (GITTA 2010: 7). Geographic coordinate system was first transformed 
from WGS1984 to follow the default parameters of the Kenya Topographical maps (Table 1), 
and thereafter, 12 classes were formed setting break values manually following approximately 
the Natural Breaks (Jenks) divisions in ArcMap. Statistical information of the data (such as 
distribution diagram) helped in choosing an adequate classification method (GITTA 2010: 6). 
Table 1. Coordinate system used in Survey of Kenya 1:50,000 scale series topographic maps and 
Dakatcha Woodland mapping (Kenya Topographical Map 1:50,000; sheet mosaic 1981/1991). 
Projection Transverse Mercator 
Shperoid Clarke 1880 
Datum Arc 1960 
Scale factor at central meridian 0.999600 
Longitude of central meridian 39:00:00E 
Latitude of origin of projection 0:00:00N 
False easting 500,000m 
False northing 10,000,000m 
 
A geo-registered mosaic of Kenya Topographical 1:50,000 map sheets from 1981 and 1991 
was acquired from Omnimap (http://www.omnimap.com/; Kenya Topographical Map 
1:50,000; sheet mosaic 1981/1991). The mosaic comprises of 1:50,000 map sheets: 186-1 
Dakawachu (1981), 186-2 Mukale (1981), 186-3 Dakabuko (1981), 186-4 Hadu (1981), 187-
1 Kurawa (1981), 187-3 Fundisa (1981), 192-1 Matolani (1991), 192-2 Jilore (1991), 
produced by the Survey of Kenya. The map mosaic was utilized in the satellite image ‘map-
to-image’ rectification and in digitalization of infrastructure and waterways, for instance. 
Furthermore, topographical map sheets: 186-4 Hadu (Kenya Topographical Map 1:50,000; 
sheet 186-4 Hadu 1981); 193-1 Malindi (Kenya Topographical Map 1:50,000; sheet 193-1 
Malindi 1991a); and 192-2 Jilore (Kenya Topographical Map 1:50,000; sheet 192-2 Jilore 
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1991b) were used during the field work for orientation. The digital map mosaic was converted 
from WGS-84 to follow the parameters described in Table 1 in ERDAS IMAGINE.  
Soil data comprises of two sources: KSS and ISRIC compiled 1:1M geo-referenced Soil and 
Terrain Database for Kenya (kenSOTER) (ISRIC 2010); and IPCC Default Soil Classes 
derived from the Harmonized World Soil Data Base (HWDB) (Ver 1.1) from Carbon Benefit 
Project and ISRIC (Batjes 2010). KenSOTER is compiled in 1995 in accordance with the 
SOTER methodology, for national and local agricultural planning purposes (ITC 2010; ISRIC 
2010). It comprises of soil geographical and attribute data; the previous contains data of 
location, extent and topology of each SOTER unit while the latter holds information on the 
characteristics of spatial unit and includes information on both area data and point data 
(Batjes & Gicheru 2004: 5). Data regarding the clay content in soils was derived from IPCC 
soil  classification  scheme  that  is  derived  from  the  HWSD.  The  IPCC  clustering  scheme  
generalize the over 60 soil units defined by HWSD (derived from FAO) into seven broad 
classes that define the soil suitability for agriculture: high activity (HAC), low activity (LAC), 
sandy (SAN), spodic (POD), volcanic (VOL), wetlands (WET) and organic (ORC) (Batjes 
2010: 2). The parameter convertion from WGS-84 to parameter described in Table 1 was 
conducted to the kenSOTER file that was Spatially Adjusted with affine transformation 
method in ArcMap to gain the right coordinate system, Arc1960 37S. KenSOTER 
geographical database class NEWSUID was linked with NEWSUID class from attribute data 
soilparameters.dbf file. Mu_Global class from GBC_globalIPCCsoilclasses.mdb (inner 
CBP_IPCCsolclas file from Batjes 2010) was joined with adjusted kenSOTER file in order to 
be  able  to  visualize  the  IPCC  clay  activity  data.  KenSOTER  is  the  data  source  for  HWSD,  
consequently the soil mapping unit boarders coincide even if the HWSD-IPCC data is in 
raster and kenSOTER data in vector form. 
Shapefiles of existing road network of easily accessible roads were done based on the scanned 
topographic maps, satellite image and field observations. Water bodies, important towns in 
the  area,  five  important  eco-tourism  sites  among  others  were  digitalized  on  shapefiles,  too.   
Tree DBH, that is outside bark diameter at breast height, was used to measure the maturity of 
trees in the randomly chosen 17 test plots of 30x30 meters each. Breast height is defined as 
4.5 feet (1.37 meters) above the forest floor on the uphill side of the tree (FORESTRY 2011). 
Bila and Lindgren (1998: 122) define a mature Brachystegia spiciformis to  be  of  0.4  to  0.6  
meters on DBH. However, trees ? 0.15 meters in DBH were classified as mature in this study 
as this size of trees are commonly used for charcoal production in the area.  
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2.2.3 SPOT- satellite images and their pre-processing 
 
The  satellite  image  data  comprises  of  four  SPOT  4  scenes  from  different  dates;  January  5,  
2005 (SPOT 2005), January 14, 2006 (SPOT 2006), January 20, 2011 (SPOT 2011a & SPOT 
2011b).  All  images  were  derived  from  EOLISA  image  server  with  the  kind  help  of  Dr.  
Marion Pheifer from the University of York. Images are taken during the same season which 
makes the image mosaicking and land cover change detection easier as the objects appear 
similarly and the seasonal change of vegetation does not confuse the classification. The field 
work periods, when the ground thruth data was collected, differ anyhow from the image dates 
which  might  cause  some  minor  incoherence.  SPOT  4  satellite  has  a  HRVIR  2  (High  
Resolution Visible) sensor that registrates electromagnetic radiation through four multi-
spectral (XS) modes on four channels: green (0.50 – 0.59 .m), red (0.61 – 0.68 .m), NIR (0.79 
– 0.89 .m), and MIR/SWIR (1.58-1.75 .m) with pixel resolution of 20 meters (SPOT 2010a). 
The scene parameters for used imagery can be seen from Table 2. 
Table 2. Scene parameters for all the imagery  
Scene parameters SPOT 2005 SPOT 2006 SPOT 2011a SPOT 2011b 
Scene ID  
4 146-356 05-01-05 
07:35:20 2 I 
4 145-356 06-01-
14 07:40:35 2 I 
4 146-356 11-01-
20 07:26:16 1 I 
4 145-356 11-01-
20 07:26:17 2 I 
K-J identification  146-356 145-356 146-356 145-356 
Date  5.1.2005 7:35 14.1.2006 7:40 20.1.2011 7:26 201.2011 7:26 
Instrument  HRVIR 2 HRVIR 2 HRVIR 2 HRVIR 2 
Shift Along Track  0 0 0 0 0 0 0 0 
Preprocessing level  2A 2A 2A 2A 
Spectral mode  XI XI XI XI 
Number of spectral bands  4 4 4 4 
Spectral band indicator  XS1 XS2 XS3 XS4 XS1 XS2 XS3 XS4 XS1 XS2 XS3 XS4 XS1 XS2 XS3 XS4 
Gain number  5 4 4 3  5 4 4 3  6 6 5 3  5 5 4 3 
Absolute calibration gains 
(1/W*m2*sr*?m) 
XS1 2.07876  
XS2 1.84893  
XS3 2.04633  
XS4 8.25743 
XS1 2.04261  
XS2 1.82614  
XS3 2.03128  
XS4 8.16949 
XS1 3.08983 
XS2 4.11233  
XS3 2.93701  
XS4 9.05250 
XS1 1.91927  
XS2 2.64938  
XS3 2.00568 
XS4 8.00082 
Orientation angle  8.9 degree 8.8 degree 8.6 degree 8.6 degree 
Incidence angle  R28.6 degree R18.2 degree L2.5 degree R1.9 degree 
Sun angles (degree)  
Azimut: 128.5 
Elevation: 57.0 
Azimut: 126.4 
Elevation: 57.7 
Azimut: 121.8 
Elevation: 55.3 
Azimut: 121.5 
Elevation: 54.9 
Number of lines  3521 3436 3386 3385 
Number of pixels per line  4433 3911 3612 3609 
Scene Center Location     
Latitude  S003° 00' 19" S003° 00' 18" S003° 00' 20" S003° 00' 17" 
Longitude  E040° 03' 51" E039° 34' 22" E040° 07' 26" E039° 36' 30" 
Pixels number  2256 1976 1803 1806 
Line number  1766 1720 1692 1692 
 
The energy from the sun is selectively transmitted, reflected or scattered, absorber, and 
emitted on reaching the Earth’s surface. The properties of different objects on Earth influence 
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the electromagnetic radiation (EMR) from those objects. Spectral radiance is defined as the 
energy at a specific wavelength radiated by an object of unit area per solid angle of 
measurement (watts per square metre per steradian per micrometer: W m-2 sr-1 ?m). The 
spectral composition of the signal is modified by interactions with the atmosphere both on the 
upward and on the downward journey. Because atmosphere is not constant its composition 
either in space or time, the level of EMR recorded by the sensor is not the same. The removal 
of the effects caused by atmospheric interaction remains one of the fundamental problems of 
RS (Mather 1992: 60-61). Pre-processing is done in order to remove, as far as possible, the 
‘external’ effects in the image; sensor calibration, correction for atmospheric, illumination and 
viewing geometry effects, and to conduct geo-referencing which refers to the registration of 
the image to an accepted map projection (ibid. 60).  
 
According to the preprocessing level 2A of acquired SPOT data, the geometric correction has 
been conducted, i.e. the data has  been  orthorectified  to  a  UTM  projection  with  a  WGS-84  
spheroid and datum. Survey of Kenya digitized topographic map mosaic that contains grid 
coordinates was used as reference image for an ‘image-to-map’ rectification that was 
conducted for the 2005 SPOT 4 image in ERDAS IMAGINE setting the Geometric Model to 
polynomial and using the geo-correction tools to choose ten ground control points (GCPs) 
from the reference map before automatic transformation calculation that gave the RMS error 
figure of 0.3409 which is less than 1 (pixel) as recommended. A linear transformation (an 
equation of polynomial order 1) was used because the original and desired output projection 
systems are actually very similar. The image was saved, or re-sampled, with nearest 
neighbour option. An ‘image-to-image’ rectification was done thereafter using the previously 
rectified image as reference image and the 2006 SPOT 4 image as input image. The RMS 
error figure was 0.3852. The same procedures were conducted for the 2011 images, the 2011a 
image that was rectified using 2005 image as reference gave RMS error 0.4921 and the 2011b 
image that was rectified using 2006 image as reference 0.4905. 
 
As the context area is gently undulating lowlands there was no need for topographical 
correction. Neither atmospheric correction was conducted as it was not considered necessary. 
Radiometric correction is done to normalize the sensor. The header file of the SPOT offer the 
gain and offset values that are needed in converting count values to radiance or reflectance. 
The  sensor  gain  and  offset  vary  over  the  life  of  the  sensor  which  leads  to  that  a  raw  pixel  
value (DN) cannot have any absolute meaning (Mather 1992: 60). DN values in the used 
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scenes were converted to ATsatellite reflectance with ENVI software using user function 
spot_calibrate.sav that was downloaded from ITT Code Library in order to allow analysis 
between scenes from different years (ITT 2011). It bases on the equation for converting count 
values (DN) to irradiances: L= (X/A) + B, where L is the equivalent irradiance at the input of 
the instrument (W* m-2 *sr-1*micrometer-1), X is the count (0-255), A is the absolute 
calibration gain (‘physical gain’ in SPOT DINAP scene format) and B is the absolute 
calibration offset or bias (‘physical bias’) (SPOT 2010b). Furthermore, to ease the visual 
interpretation of satellite images they were enhanced radiometrically by adjusting the the 
brightness/contrasts of images in ERDAS IMAGINE. 
Three of the four spectral bands can be viewed at a time: when observing the satellite image 
reflectance values, it is good to notice that the bare ground has a higher reflectance 
throughout the visible and infrared spectrum than the vegetated cover, where as forests show 
a classic healthy vegetation response with a higher green reflectance in the visible and a 
significantly higher near-infrared reflectance because of the high biomass within the pixel 
(Clark 2007: 11-12). Commonly used band combinations to detect vegetated areas with SPOT 
imagery are NIR-Red-Green (bands 3, 2, 1), MIR-NIR-Green (bands 4, 3, 1), and NIR-MIR-
RED (bands 3, 4, 2). SPOT band 1, the green band, is sensitive to the reflectance of healthy 
green vegetation in the spectral region before red chlorophyll absorption bands. Band 2, the 
red band, is useful in vegetation discrimination and analysis, as well as for soil boundary and 
geological boundary delineation. Band 3, the near infrared band, is very responsive to the 
amount of vegetation biomass and is consequently central to vegetation studies using SPOT 
data, as well as useful for crop identification and emphasizing soil/crop and land/water 
contrasts. The shortwave or mid-infrared band 4 is sensitive to the amount of water present in 
plants and in soils (ERDAS 1999: 68-69).   
2.2.4 Supervised classification, mosaicking and comparison of the SPOT images 
Satellite image classification is the process of allocating pixels into a finite number of 
individual classes, or categories of data, based on their attribute values. A pixel is assigned to 
the class to which its attributes, such as multi-spectral response, are most similar. Data can be 
classified in two processing methods: supervised and unsupervised classification (Clark 2007: 
9; Woodcock et al. 2002: 99). Unsupervised land cover classifications were conducted on 
ERDAS IMAGINE before the field work, but the supervised classification was chosen as the 
final classification method because it gives the analyst more control over the classification 
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process as he/she utilises a priori knowledge about the area of interest to select samples of 
pixels, known as training sites, which represent homogenous examples for every land cover 
type thought by the analyst to be present in the study area. The spectral characteristics of 
these training sites are used to derive statistics for each land cover class, which are then used 
for  a  classification  algorithm  to  assign  every  pixel  in  an  image  to  the  class  for  which  its  
multispectral properties are most similar. The a priori knowledge is derived through a 
combination of fieldwork, interpretation of maps, high-resolution imagery and the original 
imagery, and also personal experience (Clark 2007: 9). Following operations were performed 
in ERDAS IMAGINE: defining training signatures based on field observation from October 
2010, evaluating training signatures, processing a supervised classification, and conducting an 
accuracy assessment.  
Training data was assumed to have a normal distribution, for this reason parametric rule was 
chosen for the signatures. About 10 signature were collected with AOI tools from each land 
cover class: 1) Water, 2) Woodland closed (brachystegia), 3) Woodland open (brachystegia), 
4) Woody vegetation, 5) Thicket (cynometra), 6) Bushland, 7) Agriculture 1, 8) Agriculture 2, 
9) Grassland, and 10) Bare soil, in order to get the spectral variance of each class before final 
merging of signatures. Before performing the actual classification, an evaluation of the 
separability between signatures was undertaken. The Signature Separability utility computes 
the statistical distance between signatures, which can be used to determine how distinct the 
signatures are from one another besides determining the best band combination to use in the 
classification. A transformed divergence value of 2000 suggests excellent between class 
separations, whilst a value above 1900 indicates good separation, and values below 1700 
indicate confusion (Clark 2007: 15). Separability figures can be seen from Appendix 2. In the 
2005 image minor incoherence was in 2:3 and 2:4 class pairs and in the 2006 image 2:3, 2:8, 
3:9 and 3:7 pairs. Below 1700 values were approved because the incoherence was mainly 
between the woodland closed and woodland open classes that both are formed of 
Brachystegia woodland. In the 2011a image, all but the class pair 2:3 where distinct, the low 
separability figure is due to similar reflectance properties between open and closed woodland. 
In the 2011b image there is a bit more variance: class pairs 2:3, 7:9, and 2:7 have low 
separability values. The second pair may have low separability due to similar reflectance 
properties of agricultural fields and grassland, and soil properties may influence the third class 
pair result: Brachystegia woodland gives soil reflectance through which is why it may be 
confusing to agricultural fields with similar soil properties. 
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Actual classification was performed once the signature evaluation had been successfully done. 
The parametric rule was set to maximum likelihood, non-parametric rule to none, for the 2005 
and 2011a images bands 1, 3, and 4 were chosen for the classification whereas for the 2006 
image the best combination according to signature separability function was to take all the 
four bands, and for the 2011b image bands 1, 2 and 3 where chosen. The ‘noise’ in the 
classifications was reduced by statistical filtering: median filtering function (3x3 window 
size) was chosen for the 2005 image and majority to the 2006, 2011a and 2011b images. 
When the study area spans over several image files it is necessary to combine the images to 
create one large mosaic file. Images to be mosaicked must be georeferenced to the same 
coordinate system. Both scenes pairs were pre-processed and classified prior to mosaicking in 
order to minimize the influence of reflection differences in scenes to classification result. 
Mosaicking was done with ERDAS IMAGINE software prior to producing maps in ArcGIS.  
A cloud mask was formed for the 2011 classification image due to large amount of clouds 
and cloud shadows that influence the classification proportions for each land cover class. The 
classification image was subset with the cloud mask in order to find out to which land cover 
classes cloud and shadow areas had been classified. Then these areas were subtracted from 
the total land cover class values to get the proportions without the cloud/shadow influence on 
the values. The subtraction of these areas of course results that the total area (and 
subsequently the absolute class values) for the 2011 classification image differ from the 
2005/06 image. The change detection was done by comparing the percentual portions of each 
land cover class in classified images from 2005/06 and 2011. This method gives the results of 
percentual changes in classes. Areal change can anyhow happen without major changes in the 
class  figure  -  a  post  comparison  classification  where  the  classified  images  are  compared  to  
each other pixel by pixel using the change detection matrix would bring more information on 
that (Jensen 1996: 269-270). 
2.2.5 LCCS legend and land cover data and its processing 
Maps and measurements of land cover can be derived directly from RS data by a variety of 
analytical procedures, including statistical methods and human interpretation. Categorical 
maps of land use and land cover (LULC) are produced from remotely sensed data by inferring 
land use from land cover (e.g., urban = barren, agriculture = herbaceous vegetation) 
(EOEARTH 2011). Land Cover Classification System (LCCS) is freeware developed from 
the Eastern Africa module of the Africover Project of FAO – UNEP (Africover 2003). It was 
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used to form standardized land cover classes and to create own land cover legend compliant 
to the FAO – UNEP international standard. In order to define meaningful and descriptive 
classes that will fully capture the land cover with the LCCS the user must have good a priori 
knowledge of the actual land cover occurring on the ground in the area to be classified (Clark 
2007: 1). Applied classification scheme depends on the purpose of the land cover 
classification, in this case, the main mapping object were the remaining forest and woodland 
areas, so they are taken in to consideration in the classification. After deciding the land cover 
classes for Dakatcha Woodland in the supervised classification process it was possible to 
compile  a  coherent  legend  in  the  LCCS  software  (Table  3).  Because  the  user  defined  class  
names do not tell the classifiers as such, the LCCS code and Boolean formula should always 
be given along with the user defined land cover names when reporting geographical mapping 
data produced using the LCCS nomenclature (Clark 2007: 7). 
Table 3. LCCS legend for Dakatcha Woodland area 
ID User Land Cover Name LCCS Code 
LCCS Boolean Formula 
(Classifiers) User Description 
1 Water 7015-5 A1B1C2D2-A5 Permanent water bodies. 
2 
Woodland closed >65%  
(brachystegia type) 20096 A3A10B2C1D1E1 
Dense woodland with brachystegia  
as dominant species. 
3 
Woodland open 40-15%  
(brachystegia type) 20138-3012 A3A11B2C1D1E1-A13 
Sparse woodland with brachystegia  
as dominant species. 
4 Woody vegeration 20138-1 A3A11B2C1D1E1-A12 
Sparse to dense woodland with mixed 
tree species. 
5 
Thicket (cynometra 
type) 20159-12374 A4A10B3C1D1E1-B14 
Dense thicket with cynometra as 
dominant species. 
6 Bushland 20180-13476 A4A11B3C1D1E1-B9 Mainly riverine bushland areas. 
7 Agriculture 1 11391 A4XXXXC2D1 
Agricultural lands with several crops  
(maize, legumes, fruit trees, 
pineapples, etc.). 
8 Agriculture 2 11393 A4XXXXC2D1D8 Agricultural lands mainly on fallow. 
9 Grassland 20209-12212 A6A11B4C1E5-B12 Natural grasslands. 
10 Bare areas 6001 A1 
For instance, bare rock in depression 
areas and bare soil on the roads and 
towns. 
 
Final  land  cover  output  was  exported  from ERDAS IMAGINE to  an  ESRI  GRID format  to  
allow further processing in ArcGIS environment. Image file was subset in ERDAS IMAGINE 
to cover the Dakatcha Woodland area after which it was converted to ArcCoverage and 
exported to shapefile. Relevant shapefiles such as roads, rivers and water bodies, eco-tourism 
sites and could then be overlaid on the classification GRID to produce final maps. 
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3. LOCAL SETTING OF DAKATCHA WOODLAND, SE KENYA 
Dakatcha Woodland is an unprotected tract of unadjudicated Trust land and private land on 
03°01’S, 39°51’E in Coast Province, Magarini District, SE Kenya (Figure 2). Magarini 
District borders Malindi District and River Sabaki to the south, Tana River District to the 
northwest, and it is located 25 to 50 kilometers inland from the Indian Ocean. According to 
Musila et al. (2006: 5) Dakatcha Woodland is one of the last patches of relatively intact 
coastal woodland that together with Arabuko-Sokoke Forest and fragments of Madunguni 
forests form the only remaining part of the northernmost forest block of ‘Miombo’ woodlands 
which used to extend from the southern Somalia to the northern Mozambique (Mbuvi et al. 
2011: 15).  
 
Figure 2. The location of Dakatcha Woodland and IBA in southeastern Kenya (sources: DEM from Vagen 
2010 and shapefiles from ESRI ArcGIS/ A Rocha Kenya).  
 
Dakatcha Woodland was identified as an Important Bird Area (IBA) in the 1990s. The IBA 
was drawn to cover two tracts of woodland that nearly adjoin each other, one of around 
25,000 hectares, northwest of Baricho town, up to and beyond the Galana Ranch boundary to 
the  base  of  Dakabuko Hill,  and  another  of  7,000  hectares,  to  the  northwest  of  Marafa  town 
(Mbuvi et al. 2011: 15). Dakatcha Woodland is recognized by Conservation International as 
Coastal Forests Global Hotspot and as one of the 160 Key Biodiversity Areas (KBA) that are 
identified in the Eastern Arc Mountains and Coastal Forest of Kenya and Tanzania 
Biodiversity region due to its plants and animals of global importance (Nature Kenya 2008: 3; 
Burgess et al. 2003 in Musila et al. 2006: 3; Muchiri et al. 2010; Mbuvi et al. 2011: 18-19). It 
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is the only site outside Arabuko-Sokoke Forest, Kenya, where the bird, Clarke’s Weaver, is 
known to habitate in the world (Nature Kenya 2008: 3). 
 
3.1 Physical geography 
 
In order to understand the importance of the study area as a biodiversity hotspot, features of 
the physical geography of Dakatcha Woodland including topography, soils, climate, agro-
climatic and agro-ecological zones, and vegetation and species are described next. 
 
3.1.1 Topography 
 
Figure 3. Dakatcha Woodland area and surroundings with the water ways and watershed, Dakatcha 
Woodland IBA and agro-climatic zones (ACZs): IV-1, V-1, and VI-1 (sources: DEM from Vagen 2010, ACZs 
from Braun 1980, Kenya Topographical Map 1:50,000; sheet mosaic 1981/1991). 
IV-1 
VI-1 
V-1 
- - -  ACZ 
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Data for the topography mapping is derived from the Digital Elevation Model (DEM) from 
the Africa Soil Information Service (Vagen 2010). Foeken (2003: 30) distinguish between 
three topographical zones in the area: the Coastal Plain (0 to 60 meters a.s.l.), the Foot Plateau 
(60 to 135 meters), and the Coastal Range or Uplands (150 to 460 meters). Major part of 
Dakatcha Woodland is in the Foot Plateau, where the landscape is gently undulating: slope 
gradient  varies  from 0  to  10  percent.  Braun  (1980)  describes  the  area  as  lowlands.  Figure  3  
reveals that the IBA and Dakatcha Woodland area lie 25 to 350 meters a.s.l.  
3.1.2 Soils 
 
 
Figure 4. Dominant soils and IPCC soil clay activity boundaries in Dakatcha Woodland area (sources: 
KenSOTER from ISRIC 2010, IPCC from Batjes 2010). 
 
Sand,  silt  and  clay  are  the  three  components  of  soils  of  which  ratio  roughly  define  the  soil  
types which may vary within short distances. Red soils, brown soils, black-cotton soils, sandy 
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soils are the main soil types in Dakatcha Woodland area (Teel 1988: 21). Figure 4 depicts the 
dominant soils in Dakatcha Woodland area according to FAO 90 classification: Vertisols, 
Solonetz, Arenosols, Ferralsols, and in minor extent Fluvisols, Planosols and Luvisols. The 
soils in the Coastal Plain and Foot Plateau have developed on coastal sands and coral 
limestone; in the previous the soils vary in depth and structure, but are generally well-drained 
having moderate to low fertility where as on the latter they are deep and well-drained (Foeken 
2003: 30).  
Arenosols and Ferralsols of  low fertility  present  various  degrees  of  limitations,  such  as  low 
plant nutrient content, low nutrient retention capacity, moderate soil moisture retention and 
high toxic exchangeable aluminium content, when forests on those soils are cleared for arable 
farming (Kauffman et al. 1991: 9). The previous have the least favorable properties for 
agriculture (ibid. 17-18), being part of the sandy soils according to IPCC classification (Batjes 
2010:  4-5).  They  are  associated  with  semi-arid  areas  that  have  shrub  vegetation  cover  with  
isolated larger trees (Spaargaren & Deckers 1998: 26). Ferralsols are characterized by 
dominance of low activity clays, but favourable physical properties of well-drained upland 
Ferralsols ensure that these soils are easy to work and hardly prone to erosion (ibid. 21, 23-
24). Vertisols, Solonetz, Luvisols, Planosols and Fluvisols are all high activity soils (Batjes 
2010: 4-5). The last two occupy poorly drained positions and are present on materials 
deposited in aqueous sedimentary environments, in Dakatcha Woodland near the River 
Sabaki (Spaargaren & Deckers 1998: 21, 26). Luvisols have the most favourable properties for 
agriculture in Dakatcha Woodland (Kauffman et al. 1991: 17-18).  
 
3.1.3 Climate 
Annual rainfall in Dakatcha Woodland as elsewhere in Kenya depends on the Inter-Tropical 
Convergence Zone (ITCZ) that takes place as a result of the overhead sun during the season. 
The rainfall is relatively low because the predominant seasonal winds have a track parallel to 
the coast and have already passed over large areas of land before reaching Kenya (BBC 2011; 
Kenya Meteorological Department 2011: 2). The coastal region is characterised by a high 
degree of rainfall variability between years, between the same months in different years, and 
between places (Foeken 2003: 32). For instance, the rainfall witnessed in Malindi area during 
the short rains in 2010 was only 31.9 percent of average, which led into food shortages and 
water scarcity (Kenya Meteorological Department 2011: 5). 
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The mean annual temperature on the temperature zone 1 to which Dakatcha Woodland is part 
of  is  24  to  30º  Celsius,  while  the  mean maximum temperature  is  28  to  31º  Celsius,  and  the  
mean minimum temperature is 20 to 23º Celsius (Braun 1980). The main rainfall falls in the 
beginning of the long rains in April to June leading into a water surplus in the soil during 
relatively short periods of time only, which leads in to generally short growing periods 
(Foeken 2003: 31). The short rains fall usually in October and December. In Dakatcha 
Woodland the hot dry coastal hinterland practically extends to the coastline leading into lower 
than average rainfall (Orodho 2003). According to Foeken (2003: 33-34) it is 800 to 1,100 
millimeters annually, but Braun (1980) states lower figures: 450 to 900 millimeters annually. 
Due  to  low  rainfall,  there  is  only  one  permanent  river,  River  Sabaki,  in  the  vicinity  of  
Dakatcha Woodland. Other rivers, like Deki and Koromi, are semi-permanent or temporal.  
3.1.4 Agro-climatic and agro-ecological zones 
Agro-Climatic Zones (ACZs) are a basic means of assessing the climatic suitability of 
geographical areas for various agricultural activities. Kenya Soil Service (KSS) has produced 
a division of seven ACZs ranging from humid to very arid (Teel 1988: 23). The major aspects 
of climate that affect plant growth are moisture availability and temperature (OTAGO 2011). 
Moisture availability is an index of the balance between precipitation and evaporation, and it 
is calculated using the following equation: moisture availability (r/Eo) = mean annual rainfall 
(r) / potential evaporation (Eo) (OTAGO 2011). The context area is in the temperature zone 1 
and part of ACZs IV-1, V-1 and VI-1 (Braun 1980, see Figure 3). Table 4 presents the 
moisture availability zones present in the context area of Dakatcha Woodland. Dakatcha 
Woodland IBA is located almost completely in the AGZ V-1, where the moisture availability 
percent is 25 to 40, average annual rainfall 450 to 900 millimeters, average annual potential 
evaporation 1650 to 2300 millimeters, and classification is semi-arid (Braun 1980).  
Table 4. Moisture availability zones (with indication of rainfall, evaporation, vegetation and 
potential for plant growth (modified from Braun 1980). 
zone r/Eo 
(%) 
r - average annual 
rainfall   (mm) 
Eo – average 
annual potential 
evaporation (mm) 
classification vegetation potential for 
plant growth 
IV 40-50 600-1100 1550-2200 semi-humid 
to semi-arid 
dry woodland 
and bushland 
medium 
V 25-40 450-900 1650-2300 semi-arid bushland medium to 
low 
VI 15-25 300-550 1900-2400 arid bushland and 
scrubland 
low 
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The ACZs overlap with the agro-ecological zones (AEZs) of FAO. According to the FAO 
classification in Kenya the coastal  lowlands zone IV is classified as Coconut-Cassava Zone; 
zone  V  as  Cashew  nut  –  Cassava  Zone;  and  zone  VI  as  Lowland  Livestock  –  Millet  Zone  
(Infonet-Biovision 2010; FAO 1996). Furthermore, zone IV corresponds to hard-leaved 
evergreen woodland where grass is up to one meter high. In the zone V, the natural vegetation 
is a short grass savannah with small leaved thorny trees and bushes where as the zone VI is 
portrayed by bushland with very short but still perennial grass, therefore it is suitable for 
ranching - if the grass is not eradicated by overgrazing (Infonet-Biovision 2010).  
3.1.5 Vegetation cover and species 
Nature Kenya (2010b) has defined Dakatcha Woodland to be structurally comparable to the 
Brachystegia woodland and the Cynometra forest but not mixed forest in the Arabuko-Sokoke 
Forest. Despite the name Dakatcha Woodland, according to Nature Kenya (2010b), all visitors 
to the area describe it as a forest not woodland. Macharia (1996: 4) has described the structure 
of the vegetation in Malindi area according to the different layers of vegetation. Macharia’s 
four physiognomic classes are in line with field observations (in cursive): 1) The tree layer is 
occupied by single-stemmed trees more than six meters high – The main vegetation type is 
Brachystegia woodland composed of broadly spreading trees over 5 meters high and sparse 
ground cover; in areas including large Julbernardia and Manilkara trees, the understorey 
includes a variety of shrubs; 2) The high shrub layer is occupied by multistemmed shrubs 
which generally are less than six meters but more than two meters in height - Extremely dense 
broad-leaved thicket mostly less than 5 meters high with completely closed canopy, mainly 
Cynometra; 3) The low shrub layer is occupied by multistemmed shrubs, which are generally 
less than two meters in height - areas of scrub, dense thicket or bushland with succulents; and 
4) The herb layer is occupied by both herbs and grasses - grassy areas with scattered trees 
and shrub. 
White (1983) has also made a classification of vegetation land cover in Malindi district 
including: Forest (a continuous stand of trees at least 10 meters tall, their crowns interlocking 
and usually on several layers); Scrub forest (intermediate between forest and bushland or 
thicket); Transition woodland (intermediate between forest and woodland.); Woodland (an 
open stand of trees at least 8 meters tall with a canopy cover of 40 percent or more with field 
layer usually dominated by grasses); Scrub woodland (stunted  woodland  less  than  8  meters  
tall or vegetation intermediate between woodland and bushland); Thicket (a  closed  stand  of  
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bushes and climbers usually between 3 and 7 meters tall); Bushland (an open stand of bushes 
usually between 3 and 7 meters tall with a canopy cover of 40 percent or more); Shrubland 
(an open or closed stand of shrubs up to 2 meters tall); Grassland (land covered with grasses 
and other herbs, with maximum 10 percent coverage of woody plants); and Wooded grassland 
(land covered with grasses and other herbs, with woody plants covering between 10 and 40 
percent of the ground). 
 
The vegetation changes from evergreen to dry forms of vegetation from coastline inwards due 
to decreasing rainfall. Plant growth is also influenced by the soil type: the organic content, 
acidity, salinity, nutrients and compaction all influence the growth (Teel 1988: 21). Rational 
use of forest resources should thus be based upon accurate knowledge of land and soil 
properties (Kaufmann et al. 1991: 9; 18). The deep, loose sandy soils of the valleys and on the 
slopes around Marafa, for instance, are dominated by Brachystegia spiciformis (Macharia 
1996: 23; Mbuvi et al. 2011: 17). According to Mbuvi et al. (2011: 17), Brachylaena 
huillensis-Cynometra webberi associations  are  prominent  on  red  Magarini  sands  top  of  the  
low hills. Dominant species for red soils include also: Manilkara sulcata with understorey 
species such as Combretum hildebrandtii, C. schumannii, the cycad Encephalartos 
hildebrandtii, and the grass Bigitaria milanjiana (Macharia 1996:24). According to Macharia 
(1996: 23-24) these areas are part of the East African ‘Miombo’ woodlands. On these soils, 
after clearing the woodlands, people have planted pineapples and cassava. On more shallow 
soils it is common to find Croton Dichogamus, Euphorbia tirucalli, E. candelabrum, Acacia 
brevispica and other Acacia species. The imperfectly drained, but fertile black (cotton) soils 
with high clay content are characterized by Diospyros cornii, Thespasia danis, Acacia nilotica, 
the herb Aspilia mossambicensis and the grass Pennisetum mezianum.  When wet,  these soils 
are sticky and gummy and crack widely when dried out. Only a few tree types survive on this 
soil that is most common in low-lying flat areas with seasonal streams (Teel 1988:146). On 
the western side of Dakatcha Woodland the saline and sodic soils resulting from high 
evaporation rates and little rainfall, species such as Acacia zanzibarica, Suaeda monoica and 
the grasses Sporobolus helvotus and S. pellucidus, are dominating (Macharia 1996:24). 
During the dry season, good grazing areas for livestock can be found on clay soils 
accumulated on the alluvial soils with trees such as Acacia elatior and Balanites orbicularis 
and grasses such as Cynodon dactylon, Echinocloa haploclada, Setaria sphacelata and 
Sorghum verticiliflorum (ibid. 23). 
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The exact plant and animal species composition is unknown yet Dakatcha Woodland holds 
substantial populations of endangered and vulnerable species; for instance, five globally 
threatened species of birds (Clarke’s Weaver - Ploceus golandi, Sokoke  Pipit  -  Anthus 
sokokensis, Southern-banded Snake Eagle - Circaetus fasciolatus, Sokoke Scops Owl -  Otus 
ireneae and Fischer’s Turaco - Tauraco f. fischeri) and four mammals species (Cephalophus 
adersi, Rhynchocyon chrysopygus, Bdeogale crassicauda omnivore, Beamys hindei), and over 
11 taxa of rare plants (IUCN 2005; Bennun & Njogore 1999 in Musila et al. 2006:3). 
Appendix 3 gives more details regarding the vegetation and species in the area, and contains a 
three language list of known tree species in Dakatcha Woodland. 
3.2 Socio-economic features 
 
Next, important socio-economic features of the area are presented. These include: household 
data; development and poverty in the area; income-generating activities; management 
situation and human influence to woodlands. 
 
3.2.1 Household data 
Human settlement started in Dakatcha Woodland in 1500AD as the Mijikenda started settling 
in the area. Dakatcha forest was known as Soso –  a  forest  with  many  brachystegia species 
(Mrihi) - by the local Watha hunter-gatherer community (Mbuvi et al. 2011: 19). Mijikenda is 
the largest community in the coastal regions of Kenya, but Giriama as a sub-group in it, is the 
main occupants of Magarini district and the main Bantu-speaking population in the area (A 
Rocha Kenya 2009b: 1-2; Middleton 2003: 103). The Giriama started sedentary lifestyle in 
the area in the 1940s. They are mostly farmers growing a wide range of subsistence and 
modern cash crops. In the 1980s there was an influx of other tribes, like the Kambas (A Rocha 
Kenya 2009b: 1-2), and in 1991 Somali refugees were temporarily settled at Government 
Inspection Station near Marafa (Mbuvi et al. 2011: 18-19). 
The population figure in Kenya was 39,423,264 in the national census in August 2009. It has 
increased in average by one million per year since 1999 (Diaz-Chavez et al. 2011: 71). The 
annual population growth rate is approximately 2.7 percent whereas in the Malindi District it 
is as high as 3.9 percent according to the Ministry of Planning and National Development 
(KNCHR 2006: 39-40). 75 percent of the Kenyan population is under 30 years of age: 0 to 14 
year olds constitute 42.3 percent of the population, 15 to 64 year olds 55.1 percent and over 
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65: 2.6 percent. The total life expectancy at birth is 57.86 years (57.49 for males and 58.24 for 
females) (Diaz-Chavez et al. 2011: 71).  
Mbuvi et al. (2010: 19) found the population of Dakatcha Woodland to be approximately 
30,000 in 2010 whereas the district statistics reveal the total population in the Magarini 
district to be 160,154 in 2009 (Marafa Government Office 2011). The population density is 70 
people per square kilometre – Marafa Division being less densily populated with 62,705 
people in 1675.1 square kilometres compared to 97,449 people in 741.7 square kilometres in 
the Magarini Division (ibid. 2011). The population is sparsely distributed with more people 
concentrated in major trading centres such as Marafa (location has 10.2 percent of the total 
population), Garashi, Baricho and Adu (Mbuvi et al. 2011: 19; Marafa Government Office 
2011). The distribution of people is affected by factors such as rainfall, altitude, and AEZs but 
also by administrative policy (i.e. settlement schemes) (Macoloo 2003: 331). In Dakatcha 
Woodland, climatic conditions, poor soils, economic activities such as farming for subsistence 
and livestock rearing and scarcity of water contribute to low population density (A Rocha 
Kenya 2009b: 1-2). 
The statistics of KNBS (2007: 10, 16) reveal that average household size in Kenya in 2005 
was 5.1 (in rural areas 5.5 / urban 4.0); in the Coast Region 5.5 and in Malindi District 6.8. A 
socio-economic household survey from Dakatcha Woodland found that average household 
has seven members (Nature Kenya 2010a), as is the case also with data collected by Mbuvi et 
al. (2011: 19): average household size of seven persons translating to 4,286 households. 
District statistics give 6.4 as an average household member figure (Marafa Government 
Office 2011). According to Nature Kenya (2010a) and Marafa Government Office (2011) 52 
percent of the population in the area is female. 
In Malindi area, to which Dakatcha Woodland is part of in the KNBS classification, 65.6 
percent of the population (78.9 percent for males and 54.6 for women) above 15 years can 
read and write. Compared to the national figures in rural areas (male: 82.2 and female 69.6 
percent), one understands that the population in Malindi area is less educated than average 
(KNBS 2007: 44). 13.7 percent of the 6 to 17 year olds have never attended school (KNBS 
2007: 36). Total primary education enrolment rate for boys is 84.6 percent and 67.7 percent 
for girls while country levels stand at 95 percent for boys and 90 percent for girls. Nearly half 
of the boys and mere half of the girls tend to drop out from primary education and only 14.7 
percent of the boys and 1.7 percent of the girls reach secondary level - the district has one of 
33 
 
the lowest secondary school enrolment rates in the country (Republic of Kenya 2005: 23). 
Only 25.9 percent of the Kenyan communities have the nearest primary school within one 
kilometer where as 51.4 percent are located 5 or more kilometers away (KNBS 2007: v). The 
first primary school adjacent to Dakatcha Woodland was started by colonial government in 
1948 in Baricho, and the first one inside the woodlands in Mulunguni in 1985 (Mbuvi et al. 
2011: 18-19).  
Access to household amenities, particularly housing, sanitation, water and energy directly 
impacts to the welfare of household members (KNBS 2007: 193). In Malindi area, more than 
half of the households live in mud walled houses. More than one third of the households have 
makuti (palm leaf) roof on their houses while other third have grass roof and another 25 
percent corrugated iron sheets (mabati) (ibid. 205, 208). The lack of permanent water sources 
in vicinity of homesteads in Dakatcha Woodland has forced people to walk kilometres to get 
water (A Rocha Kenya 2009b: 1-2). During the droughts, River Sabaki is the main source of 
water as the two seasonal rivers, Deki and Koromi, are dry. Kenya National Commission of 
Human  Rights  (KNCHR)  2006  report  argues  that  the  average  distance  to  the  nearest  water  
point in the rural areas is 3 kilometers (KNCHR 2006: 39).  
The Magarini district statistics state livestock keeping, farming, small business and casual 
labour to be the main socio-economic activities in the area (Marafa Government Office 2011). 
Ikiara (2003: 245) states that small-scale agriculture is the main livelihood in Dakatcha 
Woodland which is approved by the people from Mulunguni village in Kasikini (Baricho) 
who stated agriculture and artisanery to be their main livelihoods in the Dakatcha Baseline 
Survey in January 2006 (Musila et al. 2006: 6). The main source of income for the artisans 
was woodcarving, and the main income activity for the farmers was pineapple farming that 
anyhow was facing difficulties due to prolonged drought of 2005, and due to transport 
difficulties caused by poor murram road and involvement of many middlemen. The soils that 
are mainly sandy lose fertility quickly and would be more suitable for millet and sorghum 
than for pineapple and maize which require frequent fertilization (ibid. 10). Most of the farms 
are too small to stand on themselves. 98 percent of the farm holdings in Kenya are less than 
10 hectares in size, the average being 2.5 hectares. The medium and large scale farms account 
for about 2 percent of the holdings, but cover about 54 percent of the area farmed (Diaz-
Chavez et al. 2010: 73). In Malindi area, the mean agricultural parcel size is 2.8 acres while 
the total holding size is 3.6 acres, in average (KNBS 2007: 167). There is a pressing need for 
sustainable and productive agricultural practices; clear land tenure; education to farmers to 
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ease the adaptation or technology; more effective storage; and improved market and transport 
infrastructure to improve the agricultural productivity and support local livelihoods (USGS 
2010: 3-4; Waaijenberg 2003: 190-191). The Box 1 describes the local features of agriculture. 
 
Box 1. Agriculture in the area 
 
According to the climatic type division by Teel (1988: 48), Dakatcha Woodland area is part of Lamu type 
(AEZ IV-1) that is described as: “a drier coastal climate type, marginal for coconut, but fine for cashew and 
mangoes; contains considerable natural forest areas.” The western part of Dakatcha Woodland area 
reaches to the AEZ V which Teel (1988: 51) describes to be part of Taveta/ Isiolo type describing it as “semi 
–arid land producing good crops only in exceptional rainfall years; and a livestock area of open acacia and 
combretum woodland.” Foeken (2003: 33-34),  describes this zone as Cashewnut-Cassava Zone that has a 
low to medium potential for cropping. Only in six out of ten years are the amount and distribution of the 
long rains adequate for the production of annual crops. The westernmost part of Dakatcha Woodland is in 
the  AEZ  VI,  which  is  called  Magadi/Garba  Tula  type  by  Teel  (1988:  54)  and described as:  “hot, semi-arid 
translation land between camel and cattle country. Acacia and commiphora are the major tree types.” 
Foeken (2003: 33-34) calls this zone the Lowland Livestock-Millet Zone that is characterised by unreliable 
rains which makes the zone preferably suitable for ranching and only drought-resistant crops should be 
cultivated due to the short duration of the long rains. 
 
The main farming season in the area is March to July. In the months of October to December, drought 
tolerant crops such as cassava, green grams, cowpeas, sorghum etc are grown (Mbuvi 2011: 41). Maize is 
cultivated by all the households in Malindi area, cow peas by 67 percent of the households, cassava by 
23.7  percent,  beans  by  13.3  percent  and  grams  (green  or  black)  by  2.2  percent.  72.3  percent  of  the  
households are cultivating also other crops (KNBS 2007: 172). Vegetable crops cultivated in the area 
include: pili pili (hot peppers), mchicha (amaranth leaves), mafa (local species of eggplant), mnavu (black 
nightshade) and mutsunga (wild leaf vegetable) (Waaijenberg 2003: 179). Also sukumawiki and cabbage 
are grown in the area. These plants require few inputs, but they play an important role in the nutrition of 
the rural population (Waaijenberg 2003: 179). Of root crops, cassava has always been appreciated for its 
reliable yields (Waaijenberg 2003: 178). Of the pulse crops cultivated in the area cowpea and bean provide 
protein for the poor (in the case of cowpea also the leaves are eaten) and cash income for numerous farm 
households (Waaijenberg 2003: 179). A stack of about ten cowpea branches, which makes a side dish for 
one person for a day, cost Ksh10 in Marafa in April 2011. These leguminous crops also contribute to the 
maintenance of soil fertility by means of symbiotic nitrogen fixation. Several studies have revealed that 
replacing natural fallows with pigeon pea has doubled the yields of the following sorghum and maize crops 
(eg. Clarke 1962 in Waaijenberg 2003: 179).  
 
 
Pineapple fields in Dakatcha Woodland, October 2010 
 
(continues) 
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Recently off-farm work has become the major supplier or additional income and stability in 
the area (Waaijenberg 2003: 190). Small-scale agriculture is supplemented by small-scale 
enterprises engaged in retail trade, fishing, furniture making, hawking, handicrafts, and 
charcoal production (Ikiara 2003: 245). Tourism is also significant field of economy: about 40 
percent of the working population is either directly or indirectly employed by tourism 
industry and services in the district (KNCHR 2006: 395). Canyons of Hell’s Kitchen located 
in Marafa serve as one of the Malindi districts’ main tourist attractions (ibid. 38).  
The socio-economic household survey from 2010 found that the average income per 
household in the area is Kenyan Shillings (KSh) 82,516 per year with variation from KSh500 
to KSh750,000 (Nature Kenya 2010a). As the local population is more and more dependent 
on wages for its food security, the growth of employment opportunities is of major 
importance. The Coast Province faces both lack of productive land and well-paid jobs, lack of 
capital and skills or technology. Investment in rural infrastructure and in the urban and rural 
informal sector is needed in order to promote small-scale industries and rural enterprises 
(Hoorweg et al. 2003: 406). There is also need for improving the access to credit: just over 30 
percent of Kenyans involved in wholesale/retail sector are able to access credit. Besides for 
business, credit is sought for subsistence needs, school fees and medical expenses from 
neighbours and friends, local merchants and Savings and Credit Cooperation Societies 
Box 1. continues 
 
Fruits are produced both for home consumption and local and regional markets; especially pineapple has 
local importance in the dry hinterland areas. Pineapple farming, that was started in the 1960s in Dakatcha 
Woodland according to Mbuvi et al.  (2011: 18-19, 41),  still  remains a key source of income in its’  limited 
growing zone in Mulunguni, Chamari, Watala, and Dololo, but the area under pineapple production is 
shrinking due to the emergence of the millibug pest which are the vectors for the pineapple wilt disease 
(Mbuvi et al. 2011: 36). 
 
Local people stated in April 2011 in Mulunguni that besides the disease, the pineapple cultivation around 
Baricho  is  not  as  vivid  as  it  was  some  ten  years  ago  because  the  young  people  lack  the  willingness  to  
continue their elders work as the charcoal production and tourism business in Malindi or other work in 
Mombasa  provides  easier  income.  A  price  paid  for  the  producer  for  a  single  pineapple  can  be  as  low as  
Kshs25, compared to the market price of Kshs40-50 in Marafa, and more in Malindi. According to 
Waaijenberg (2003: 180) the seasonality of production due to the long dry period in combination with lack 
of storage and processing facilities reduces the benefits farmers can obtain from growing fruits. As the 
harvest come in peaks, the markets are quickly glutted and prices drop. The outbreak of the pest forced 
most pineapple farmers to get into cassava and cotton farming which actually took so much time and 
space to grow, hence leading to more forest destructive activities to support their livelihood (Mbuvi 
2011:41).  Mbuvi  et  al.  (2011:  42)  recommend  farmers  to  take  advantage  on  the  new,  more  suitable  
cassava varieties developed by the Kenya Agricultural Research Institute (KARI).  
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(SACCOs) (KNBS 2007: v). Money transfers make an important source of cash when access 
to credit is limited. 74 percent of rural and 57.3 percent of urban Kenyans receive cash 
transfers while in Malindi area this figure is even higher: 82.5 percent (ibid. 113, 122). 
3.2.2 Poverty and Development in the area 
Dakatcha Woodland is an area with multiple physical and socio-economic problems. Besides 
the population growth rate; distance to the closest water point and housing condition; and 
school  enrolment  rate,  the  HIV  prevalence  is  another  indicator  of  lack  of  development  and  
poverty. Economic Survey 2005 (Republic of Kenya 2005: 23) indicates that the HIV 
prevalence rate stands between 15 and 17 percent in the district which is far above to the 
national average of 6.7 percent (KNCHR 2006: 398). High number of landless people is 
another indicator: in Malindi District 11.3 percent of the population are squatters according to 
the Ministry of Planning and National Development (KNCHR 2006: 39-40). Malindi County 
Council (MCC) considers Dakatcha Woodland as a challenging area in terms of available 
opportunities to support livelihoods, mainly due to the sandy soils that cannot support 
substantial agriculture. This means that people have to revert to activities like charcoal 
burning and Government rations for survival. The County Council has lacked financial and 
technical capacity to tackle the destructive activities (Musila et al. 2006: 11-12). In recent 
years, the area has experienced a slump in tourism which has had serious consequences in 
terms of employment and poverty alleviation (KNCHR 2006: 395).  
 
Mbuvi  et  al.  (2011:  30-32)  have  drawn  an  analysis  of  current  problem  situation  in  the  area  
(Appendix 4). According to them, the main problems include poverty; weak institutional 
framework; deforestation; land tenure system; soil infertility/poor soils; ignorance/illiteracy;  
high population growth; and climate change negative effects. Poverty levels in the Malindi 
District are relatively high: approximately 66 percent of the population is considered to be 
living in absolute poverty, i.e. they are unable to meet their basic food and non-food 
requirements (Republic of Kenya 2002: 23). Out of 210 constituencies in the country, 
Magarini is ranked 189th in the poverty index (Republic of Kenya 2005: 222). Due to the 
high poverty levels, income generation is a pressing need for the various communities living 
around the forest (DWCG 2010: 4). In 2006 Nature Kenya (former East African Natural 
History Society; conservation Non-Governmental Organization (NGO)) started working with 
the communities living adjacent to Dakatcha Woodland in various initiatives to institute 
sustainable systems that will help to conserve the environment and ESs and improve the local 
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livelihoods,  at  the  same  time.  The  NGO  got  support  from  Critical  Ecosystem  Partnership  
Fund (CEPF).  
 
The local population is in a key position in sustainable uses of the woodlands: according to 
Nature Kenya (2008: 3) the impacts of environmental degradation must become knowledged 
by them but at the same time they must be involved in locally based initiatives that will 
enable  the  utilization  of  the  natural  resources  in  a  sustainable  way.  The  Master  Plan  for  
Dakatcha Woodland discusses the possibilities to develop further community livelihood 
initiatives of which two: bee-keeping and eco-tourism are discussed later (Mbuvi et al. 2011: 
40-41, 50) (Table 5). Livelihood initiatives can work as concrete ways to reduce poverty if 
factors such as management skills, quality, access to markets, and transportation are in place 
(White & Mustalahti 2005: 93). 
 
Table 5. Community Livelihood initiatives (modified from tables in Mbuvi et al. 2011: 40-41, 50). 
Livelihood activity / 
project 
Status Appropriate area & 
potential 
Requirements 
Beekeeping Starting with beehives 
provided and training 
done over 600 hives 
issued 
In 5 locations of Marafa 
division Construct 
processing and 
marketing centre 
Langstroth & Top Bar hives, 
harvesting gear, honey 
processing machines, 
vehicle for honey collection 
and marketing 
Eco-tourism Marafa Hell’s Kitchen is 
the main ecotourism site 
attracting over 200 
visitor per month 
Open up other 
ecotourism sites e.g. 
Bore Shingwaya 
camping site, shujaa 
Mekatilili, Kapangani 
rock 
Camping gears, trainings, 
marketing 
Agroforestry Started Marafa, Adu, Garashi & 
Bungale 
Tree seedlings, Tree nursery 
equipments, trainings  
Crop farming Subsistence crop 
growing 
Suitable areas Need to use local manure, 
fertilizer and certified seeds 
Dairy goats keeping Community dairy 
processing unit has been 
established at Marafa by 
Min. Of Livestock & 
ALLPRO 
Suitable areas Need to introduce improved 
cattle & goat breeds 
Beef farming Local Zebu cattle are 
reared 
Suitable areas Introduce high pioneer 
breeds 
Provision of water Started Started from Baricho – 
Soson – Marafa water 
pipeline 
Pipes, water kiosks 
establishment, construction 
of water tanks 
Butterfly farming Not yet started Marafa division Baseline Feasibility study 
Fish farming Not yet started (Minimal 
subsistence fishing along 
Galana / Sabaki river) 
Areas near permanent 
water 
sources,Introduce fish 
domestication through 
farm fish ponds 
Fish ponds, trainings, 
market 
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In 2005, community members established the Dakatcha Woodland Conservation Program 
(DWCP) that functions as an umbrella association of four local Site Support Groups (SSGs): 
Mulunguni  Umoja  Youth  Group,  Baricho  Youth  Group,  Marafa  Hell’s  Kitchen  and  Tour  
Guides Association and Mahenzo Youth Group (Mbuvi et al. 2011: 19). The SSGs focus on 
conservation and sustainable use of Dakatcha Woodland’s natural resources through 
promoting several community based enterprises and activities. So far some youth members 
have been trained and gained skills as professional tour guides, mainly based at the Hell’s 
Kitchen Depression where they promote responsible and sustainable tourism, conduct guided 
bird watching tours and engage local schools in environmental education programmes. 
Members of the DWCP are also engaged in bee-keeping within 17 community groups and 
some groups have started tree nurseries (DWCP 2010: 3, 13). 
The vegetation and forest cover in the area are perfect for beekeeping: trees provide much 
needed shade for keeping hives cool under the hot climatic conditions and they offer material 
for the hives (DWCP 2010: 4). More than thousand Langstroth bee hives have been 
distributed in Dakatcha Woodland, but due to drought and famine in the country there has 
been a high rate of absconding (DWCG 2011). Beekeeping plays several important roles in 
the livelihoods of community members: besides having potential to generate income 
especially in the dry season when agricultural activities do not; the medicinal value of honey 
and other hive products is highly rated; it supports agricultural activities through for example 
cross  pollination;  it  contributes  to  forests  conservation  efforts;  and,  it  facilitates  healthy  
linkages between insects and plants (DWCP 2010: 4). DWCP stands a chance of making 
KSh2, 205,000 per year if all the hives were colonized and all produced honey at least 70 
percent (14,700 liters in total) of the known maximum yield, and sold it at KSh150 per litre. 
Hotels constitute the largest market for processed honey in the Kenyan Coast. In 2008 the 
honey processing centre Kipepeo in Gede in the Arabuko-Sokoke Forest sold more than 1,500 
liters of honey, 60 percent of all processed at the center, to hotels for KSh750 per liter. 
(DWCG 2010: 6). 
As  an  IBA,  Dakatcha  Woodland  is  a  key  site  for  the  conservation  of  birds  and  other  
biodiversity of the East African Coastal Forests ecosystem (DWCG 2010: 15-16). Beautiful 
landscapes, rich biodiversity and cultural attractions in the area make it fit for eco-tourism 
(ibid. 15-16). The government policy and the NGOs willingness to develop northern Kenya 
and other arid areas also present a perfect opportunity for future development of eco-tourism 
in the area. However, competing land uses and poor marketing and infrastructure together 
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with unsustainable use of natural resources due to lack of alternative sources of livelihoods set 
challenges to the development of the sector (Mbuvi et al. 2011: 42-43). In 2009 an average of 
1,500 domestic and foreign tourists visited the Dakatcha Woodland, most of them the Hell’s 
Kitchen. With an estimated 18,000 tourists passing by just 40 kilometers away along the 
Lamu – Malindi Mombasa road, there is huge potential to generate income by attracting a fair 
share of those passing by Malindi (Mwambire & Katana 2010: 1). The local people think it 
would benefit them to have various activities concerning tourism, especially availability of 
work (A Rocha Kenya 2009b: 1-2). Incomes generated through eco-tourism may give locals 
an incentive to invest in forest protection and management, but it should be remembered that 
also eco-tourism is prone to fluctuations and the local culture and environment are under 
thread as the tourists bring their world to the villages (FAO 2006: 21). 
 
The Dakatcha Woodland Conservation Group has identified eight eco-tourism sites in the area: 
Hell’s Kitchen in Marafa; Mekatilili wa Menza Grave in Bungale; Nyari Bore in Garashi; 
Dakatcha ruins in Bungale; Kaya Singwaya in Garashi; Kapangani Rock in Bungale; 
Magarini Settlement Scheme Project in Marafa; and Clark’s Weaver camp (Mwanbire & 
Katana 2010: 1). Figure 5 shows the five most important eco-tourism initiatives in the area. 
 
Figure 5. Eco-tourism sites in Dakatcha Woodland, Hell’s Kitchen pictured in April 2011. 
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3.2.3 Management of Dakatcha Woodland 
Dakatcha Woodland is part of Magarini district that consists of Marafa and Magarini 
Divisions. The locations headed by chiefs in the Marafa Division are: Marafa, Adu, Bungale, 
Dagamra and Garashi, whereas Fundissa, Gongoni and Magarini are the locations in Magarini 
Division (Marafa Government Office 2011). Assistant Chiefs are in-charge of the sub-
locations: Dakacha, Baricho, Gandini, Adu, Kamale, Kadzandani, Singwaya, Mikuyuni, 
Mambasa (Chamari), and Madina (Kotayo / Viriko) (Mbuvi et al. 2011: 17). Dakatcha 
Woodland was part of the former Malindi District until 2009 (ibid. 19) which is why it is used 
as spatial and statistical data reference at occasions when no recent data was found. 
 
The lack of proper management can be seen as the main problem related to Dakatcha 
Woodland. Unclear land tenure system and lack of title deeds pose other significant problems 
in the area (Mbuvi et al. 2011: 11, 21-22, 30-32). A title deed is: “a land registration 
certificate that gives ownership assurance to a farmer, enabling him / her to cultivate his / 
hers land without fear of eviction or any other form of prejudice” (KNBS 2007: 160). 
Countrywide, only 8.4 percent of the households have title deeds to their land (ibid. 166). 
Land in the Magarini District belongs to three categories: Private Land, Community Land, 
and Trust Land, which is governed in trust of the local community by the MCC, and forms the 
largest trackt. From Marafa village towards Sabaki Bridge and Malindi there are areas of 
private tenure, where as in areas such as Adu and Galana Ranch, the land is mainly leasehold 
(Mwenda 2011). Allthough most of the land in the coast strip (a political-geographical unit, 
notably the area from the sea shore up to ten nautical miles inland, see Foeken 2003: 30) and 
in the inland hills has been adjudicated the title deeds are often delayed (Hoorweg 2003: 313). 
However, according to the MCC clerk in Malindi district the land is not even adjudicated in 
most of the parts (Kinaiya 2011). Thus the regulation of land allocation and land sales needs 
to be improved. A regulatory body, the Land Control Board, is already in place, but it is easily 
circumvented. It is quite common that government land is allocated to local politicians or civil 
servants and almost immediately transferred to foreign or up-country interests. For those less 
well connected, the way is to occupy land as squatters (Hoorweg et al. 2003: 402), as is the 
case for the majority in Dakatcha Woodland (Mbuvi et al. 2011: 17).  
According to Okeyo et al. (2010: 32), forests in Kenya can be divided in six management 
groups: private forest; local authority forest; state forest; national reserves; presidential decree; 
and community conserved forests. There are also ‘Kayas’, traditional Mijikenda fortified 
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ritual settlements that are often protected but little used for the original purposes of local rule 
and rituals (Middleton 2003: 105). Now, in Dakatcha Woodland, the Kaya Singwaya forms 
part of the eco-tourism scheme. The Coastal forests are, among the Kakamega and the Mau 
Forest Complex, the most threatened in Kenya (Diaz-Chavez et al. 2010: 70). In Dakatcha 
Woodland,  the  forest  is  on  a  Trust  Land with  no  clear  boundary;  according  to  Musila  et  al.  
(2006: 11) the MCC does not know the exact boundaries of the piece of land under its 
jurisdiction nor does it have a management system or a management officer in place. Hence, 
locals have formed management groups (Mbuvi et al. 2011: 11). In practice, different sections 
of the forest are being managed by specific clans or households.  
 
It is stated in the Kenya government policy that all reserved forests should be managed on the 
basis of approved management plans guided by sound forest management principles (Mbuvi 
et al. 2011: xiii). Management plan is yet to be made, but a master plan was drafted in 2010 in 
participatory way in order put in place a framework to facilitate the development of 
conservation practices that sustain community livelihoods through a co-existence 
management approach (ibid. xiv). According to Mbuvi et al. (2011: xiv), this will be achieved 
through strategies that will focus on forest zonation, rural development and livelihoods, 
ecotourism, environmental education, problem animal management, sustainable use of the 
forest, biodiversity conservation, infrastructure development, human resource development 
well supported by monitoring and research. The plan supports the Community Conservation 
Area (CCA) approach in which community identifies community conservation areas (ibid.  
30). The plan presents unique opportunity for conservation of a forest under the jurisdiction of 
the County Council, more uniquely because the forest has pockets of settlements and public 
social amenities: 3 health centres (Marafa, Garashi, and Matolani), 8 primary schools 
(Baricho, Dakatcha, Mulunguni, Adu, Bore Shingwaya, Marafa, Kamale and Garashi), 3 
secondary schools (Marafa, Adu, and Mekatilili), 2 Polytechnics (Marafa and Adu) and 
several shopping centres that include Marafa, Matolani, Kamala, Adu, Mulunguni, Garashi 
and Baricho (Mbuvi et al. 2011: 17).  
According to Musila et al. (2006: 11), gazettement of the woodland can lead to confrontations 
between the community and Forest Department (FD) officials, since people already living in 
the woodland would have to be evicted. This problem can be avoided by zoning the woodland 
to two blocks: FD managed and Participatory Forest Management (PFM) controlled. 
Boundaries need to be established, mapped and marked out to know the extent of the 
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woodlands and size of individual land units to facilitate exercising of ownership rights – and 
the participation of the local community must be ensured. This far it has been seen limitated 
by the MCC (Mbuvi et al. 2011: 17). The zonation should be done according to degradation 
levels of the forest: less disturbed as conservations areas; highly disturbed as settlement area 
which could be under farm forestry; areas with high biodiversity could be designated as 
protected (no-go-zone) areas (ibid. 49). Another option of reducing the pressure on the 
woodland would be to initiate afforestation programmes of fast growing trees species to 
provide alternative sources of firewood, poles, wood for carving etc. However, the success of 
these initiatives depends on the collaboration of all stakeholders (Mbuvi et al. 2011: 49).  
3.2.4 Human influence to the woodlands  
 
The physiognomy of vegetation and land cover are liable to change due to human activities, 
such as cutting, burning, overgrazing and cultivation (Macharia 1996: 4). Although in Malindi 
District more than half (4,193 square kilometers out of 7,605) is classified as arable land 
(Republic of Kenya 2002: 23), with 75 percent of working population involved in the 
agricultural sector, and with the population pressure (Diaz-Chavez et al. 2010: 69-72), it is not 
hard to see why people start to spread out to the woodlands and forests in search of 
livelihoods. Woodlands, bushlands and grasslands cover approximately 40 million hectares of 
the total land area (582,650 square kilometers) in Kenya. Approximately 30 percent of the 
land area in the country is affected by severe to very severe land degradation and one third of 
the population depend directly on land that is being degraded (ibid. 2010: 69-70). 
The lack of formal protection status exposes Dakatcha Woodland quickly being fragmented, 
disturbed and exploited unsustainably (Jackson 2000 and Bennun & Njoroge 1999 in Musila 
et al. 2006: 3). If the environmental status of Dakatcha Woodland is compared with Arabuko-
Sokoke, it is assumed that Dakatcha is probably more degraded as many parts of the 
woodland have farms and homes (Nature Kenya 2010b). Anthropogenic factors have given 
rise to massive environmental degradation: Nature Kenya (2008: 3) and Ng’wega (2008) 
claim that Dakatcha Woodland has suffered major damage from uncontrolled logging and 
clearing, especially within the Cynometra-Brachylaena and Brachystegia areas by local 
people to meet the demand of souvenirs in the local coastal tourist industry; firewood 
extraction and charcoal burning to satisfy energy demands in the area and in nearby centres 
and towns mainly Malindi, Watamu and Kilifi; encroachment by local people into the 
woodland through agricultural expansion and shifting cultivation; fires largely from charcoal 
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burning and agricultural activities; and extremely high levels of unsustainable bushmeat 
hunting. Other woodlands’ species have also been cleared to pave way for pineapples 
cultivation (Bennun & Njoroge, 1999 in Musila et al. 2006: 3), and lately for the bio fuel crop 
plantation (Mbuvi et al. 2011: xiv). 
 
A study by Nature Kenya (2010a) found that households’ interest to forest in Dakatcha 
Woodland is related primarly to rainfall: forests attract rainfall (33.5 percent of households 
mentioned this). Secondly, forests provide firewood (27.2 percent); and thirdly, habitat for 
animals (17.7 percent). 15 percent of the households mentioned forest as a tourist attraction 
and 12.2 percent said they obtain charcoal from the forest. In a study by Macharia (1996: 24), 
the local community was found to have a preference of Cynometra webberi, and Acacia 
mellifora and A. tortilis for the source of fuelwood in inland areas. Charcoal burning and 
selling was a thriving economic activity already in the mid 1990s (ibid.). The charcoal study 
done by Nature Kenya in 2005 revealed that the most targeted indigenous tree species in 
Dakatcha Woodland are: Newtonia Hildebranti (Mkami); Diospyros Cornii (Mkulu) and 
Manilkara Mochisia (Munago), but also Brachystegia spiciformis (Mrihi) (Mumbu 2010). 
According to Macharia (1996: 24), the local community uses the vegetation also in various 
other ways, such as for:  mangrove trees for building poles; tapping palm wine from coconut 
trees; Brachylaena for wood carvings; Grewia for baskets; Ceiba pentandra – kapok fibre for 
mattresses and pillows; toothbrush from Salvadora persica; cashew nuts, mangoes, coconuts, 
oranges, pineapples and cassavas for food; and Azandirachta indica – neem, and kapok trees 
for medicine. The continuous decline in the habitat quality of the woodland might lead to the 
local  extinction  of  coastal  endemic  species  recorded  in  the  site  (Musila  et  al.  2006:  3).  
According to Ng’wega (2008) the least disturbed portion of the Brachystegia woodland is at 
Mogole some 10 kilometes northwest of Adu, already distant from Dakatcha Woodland IBA, 
where as on Kapangani Hill and Dakabuko Hill the old Brachylaena and Cynometra trees 
have almost all been cut for firewood and charcoal. The tree cover on these crucial water 
catchments is threatened, as there are hardly any young trees.  
 
A survey on forest cover change by Glendey in 2005 reveals a general decline of 40 percent 
for the forest areas in Dakatcha Woodland surrounding area amounting to a loss of 710 
hectares per year over the period 1990 to 2000 (Mbuvi et al. 2010: 15). Land cover change 
analysis by Mwanikah (2008: 42) from area including Dakatcha Woodland shows decrease of 
19.3 percent of forest cover for the period 1975 to 1987; -48.4 percent (1987 to 2000) and -
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58.3 percent from 1975 to 2000. The forest cover had reduced especially in the southeastern 
parts of the area, around Wakala, Magarini, Garashi and Marafa towns. According to Mbuvi 
et al. (2011: 19), this can be attributed to the increase in urbanization, farming and livelihood 
activities like charcoal burning and timber cutting in the area.  
Musila  et  al.  (2006:  10)  state  in  a  field  report  that  the  local  people  of  Mulunguni  who  
recognized that their activities have negative impacts on the environment were willing to 
conduct them in a more environmentally friendly manner. However, activities like tree 
planting  are  difficult  in  such  an  area  where  the  nearest  water  source  was,  until  recently,  20  
kilometers  away  in  Sabaki  River,  and  residents  could  spent  as  much  as  half  a  day  fetching  
water especially during the dry season (Musila et al. 2006: 10). The Baseline Study 2006 of 
Musila et al. (2006: 10-11) state that the District Forest Officer (DFO) in Malindi was aware 
of the destructive activities that were taking place in Dakatcha but no regular patrols had been 
carried out due to lack of resources. Constant patrols or extension work from FD would mean 
overstretching the already limited resources allocated to the DFO’s office (Musila et al. 2006: 
10-11). There is a pressing need for key stakeholders (MCC, Nature Kenya, FD, Kenya Forest 
Service (KFS), Kenya Wildlife Service (KWS), National Environment Management 
Authority (NEMA) etc.) to work together and save the woodland from continuing ecological 
degradation. Also alternative sources of firewood, building poles, carving and furniture 
materials for the community around and within the woodland should be found in order to ease 
the pressure on the rate of extraction of woodland products. A strong sustainable monitoring 
structure which will involve the local community need to be established for Dakatcha 
woodland, too (Musila et al. 2006: 13). 
 
4. THEORETICAL FRAMEWORK 
 
The theoretical framework presents the theories and general discussion on the themes related 
to the research problems. It may draw to local context, but generally keeps on a global or 
regional,  and  theoretical  level.  Later,  in  the  sections  of  results  and  discussion,  the  local  
context is tied to the framework. The theoretical framework of this study is constructed on six 
themes: land use and land cover change and deforestation; forest ecosystem services and the 
vulnerability of natural and human systems; forest management and land tenure in Kenya; 
sustainable land management, development and livelihoods; and woodfuel energy. 
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4.1 Land use and land cover change (LULCC) and deforestation 
 
Land use and land cover change is often driven by population growth and accompanying 
economic growth and development, which lead to demands for land to produce food, feed, 
fibre and fuel (FAO 2010b: 6). It is also related to to land tenure and governance (eg. 
Skidmore 2002; CIFOR 2005:3). One of the most common changes in land cover, especially 
in developing countries, is deforestation as a conversion of natural vegetation to agricultural 
land (Bryant et al. 1997: 16). Estimated 13 million hectares of forests are converted to other 
land uses each year without much of an attempt at restoration or rehabilitation (Eliasch 2008: 
20;  Hoorweg et  al.  2003:  400).  Of  the  remaining  forests  the  vast  majority  are  no  more  than  
small or highly disturbed pieces of the fully functioning ecosystems they once were (Bryant et 
al. 1997: 8, 13). In some areas, deforestation from subsistence farming may occur because of 
a lack of alternative livelihoods for those living in and near forests (Eliasch 2008: 58-59). 
Forests have been degraded also by logging, removal of vegetation for fuelwood and charcoal, 
building materials, and livestock feed. Energy development, mining and new infrastructure, 
natural and human caused fires, wind-borne pollutants, exotic species and tree-plantations 
contribute to forest decrease, too (Bryant et al. 1997: 17). Other contributing factors, 
according to CIFOR (2005: 3), include policy failures and poor law enforcement that 
undermine sustainable forest management. 
 
The interrelated underlying causes for deforestation on a global scale include: growing 
economies and consumption (related to urbanization); population growth and demand for new 
land; bad economic policies and short sighted political decisions; corruption and illegal trade; 
and poverty and landlessness. The population of the world is to increase to 9 billion over the 
next 40 years and global middle class is projected to triple to 1.2 billion which means rising 
incomes and changing diets for more people. Thus, there will be higher demand for 
agricultural products and timber and consequently pressure for forest clearance that can be 
further accelerated by policy incentives, like biofuel targets, unless effective sustainability 
criteria are applied (Eliasch 2008: 35-36). These reasons together with poor harvests as a 
result of more extreme weather conditions and export restrictions imposed in response to 
higher  commodity  prices  contribute  all  to  increasing  food  prices  which  is  shown  to  have  a  
direct relationship with deforestation (ibid. 39). Governments give away valuable rights to 
exploit their forests in order to attract foreign investment and often encourage the clearing of 
forest lands poorly suited to agriculture as land redistribution and tenure are politically thorny 
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issues (Bryant et al. 1997: 17-18). The costs of destruction are not felt or paid by those doing 
the damage but by the forest communities that receive only a sliver of the benefits from forest 
resource related commercial activities and bear the environmental brunt of forest 
mismanagement (Bryant et al. 1997: 17-18; Hoorweg et al. 2003: 400).  
Different land uses modify the environment by causing soil degradation; changed water 
courses; changes in vegetation cover and species composition; and fragmentation of 
landscapes (Soini 2006: 21; Belward 1991: 169). According to Eliasch (2008: 156) land use 
changes affect the carbon stocks held in vegetation generally more than those in soils. Also, 
carbon contained in forests is higher than that in the agricultural areas which leads into a net 
flux of carbon to the atmosphere during the deforestation (Los et al. 2002: 75). Deforestation 
happens in different scales: process that starts by cutting a single tree by an individual farmer 
or logging operator can affect areas from a local site to a watershed, from a country to whole 
subcontinents (Malingreau 1991: 255-258). Deforestation affects biological diversity by 
destructing habitat; isolating fragments of formerly contiguous habitat; and by edge effects 
including species extinction within a boundary zone between forest and deforested areas (Los 
et al. 2002: 75). Forest conversion for unsustainable land uses systems can lead to land 
degradation and continued ‘land hunger’ for remaining forests (Eliasch 2008: 58-59). 
Converting into more sustainable land use systems, such as intensified land use, may reduce 
the rate at which degraded lands are formed and slow down forest conversion if the remaining 
forests are effectively protected (Wan Noordwijk et al. 1998: 177).   
Central to any attempt to try to evaluate the impact of deforestation is an adequate 
understanding of the social, economic and physical processes involved (Malingreau 1991: 
253). Robust analysis of national- and local-level of deforestation and degradation, along with 
country- and area-specific drivers underpinning them, and monitoring, is thus a first step in 
developing an effective strategy for limiting deforestation (Eliasch 2008: 214). It can be done 
correlating monitoring data with socio-economic data (ibid. 159). The land use change should 
be monitored not just as a deforestation level but as the change to other land uses (Eliasch 
2008: 156). RS provides a mechanism for global or regional observation (Belward 1991: 170). 
It can provide precise and up-to-date information on land resources and degradation, and thus 
contribute to land management (Eden 1986: 3-4). The impact of degradation or protection will 
be more easily predicted with accurate data of the importance of forest resources to different 
types of households (White & Mustalahti 2005: 9).  
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4.2 Forest ecosystem services and the vulnerability of natural and human systems 
In  Africa,  over  two-thirds  of  all  600  million  people  rely  directly  or  indirectly  on  forests  for  
their livelihoods. For instance, at least 70 per cent of urban and rural households in sub-
Saharan Africa use wood for cooking and to heat their homes (CIFOR 2005: 2, Somorin 2010: 
904). Forests act as a safety net for the poor, providing them with goods and services they are 
unable to afford in the marketplace, and serve important cultural functions (CIFOR 2005: 2). 
Besides supporting and sustaining livelihoods, they can support Africa’s economic, social, 
cultural and environmental development, especially in the rural areas (Somorin 2010: 904-
905). The cost of timber, fuelwood and other forests goods tends to rise as forests become 
scarcer, with obvious implications for the poor, in urban areas as well as in the countryside. 
The loss of forests also leads to the loss of wildlife, which can influence harmfully on the 
tourism and food sources in countries where wildlife is economically significant leading to 
increasing hardship for the poor (CIFOR 2005: 3).   
The Millenium Ecosystem Assessment 2005 categorizes forest ESs into five major classes: 
resources (fuel, Non-Timber Forest Products (NTFPs), industrial wood); social services 
(ecotourism, recreation, sports – fishing/hunting); ecological services (water, soil and health 
protection); amenities (historical, cultural, spiritual); and biospheric services (climate 
regulation and biodiversity) (Eliasch 2008: 8-9). Bushmeat is an example of a resource ES; 
according to World Energy Assessment 2003 it can account for up to 85 per cent of the 
protein intake of people living in or near forests, particularly in lean seasons (ibid. 9). FAO 
(2006: 32-33) states that regulated and sustained bushmeat can diversify livelihood options 
and provide a stepping stone for landless people to start a small business or money to invest 
elsewhere, but current levels of wildlife harvesting are unsustainable in many places.  
Human land-use management practices related to livelihoods are the most important factor 
influencing ecosystem structure and functioning, and thus ESs, at local, regional, and global 
scales (Forman and Godron 1986 in Kepner et al. 2000: 192). Local stakeholders have 
different interests towards forest ESs than global actors: the previous value the resources 
forests provide them with, where as the latter tend to see the biodiversity value more 
important. Table 6 presents the analysis of Mariki (2001) on the different interests of different 
scales. 
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Table 6. The different interests among stakeholders related to multiple forest values (modified 
from Mariki 2001: 45) 
Stakeholder  Interests 
International 
Community  
Biodiversity, tourism, climatic and hydrologic effects, carbon sink 
National Community  Forest resources and services - water, biodiversity, ecotourism, aesthetic 
values 
District Community  Wood and non-wood products - timber, fuelwood, water, tourism, food, 
amenity 
Local Community  Farming lands (in forest and nearby), firewood, building material, fodder, 
medicine, food, timber, employment 
 
ESs provide natural resources that may be the only assets which poor can access. According 
to Shyamsundar (2002: 13), “natural resource degradation can affect the poor by affecting 
the productivity of inputs they use to grow food, by directly reducing the forest and aquatic 
products they consume, and by decreasing the ability of natural resources to provide a 
cushion to poor people during times when monetary income or agricultural produce is 
unavailable.” In certain circumstances, if the poor are able to improve their lives by deriving 
income from natural resources, environmental degradation can help the poor (Shyamsundar 
2002: 13). White and Mustalahti (2005: 9) argue that it is recognized that many of the people 
living in vulnerable areas are usually the poorest and that many of the people living in close 
proximity to forest are poor. According to Somorin (2010: 908) the vulnerability of a natural 
or human system depends on the impacts it is exposed to and its resilience to accommodate 
these impacts. Furthermore, the interrelations among natural and human systems affect that 
impacts on one system will affect other systems (ibid. 903). The adaptive capacity of human 
systems in Africa is low due to lack of economic resources and technology (Somorin 2010: 
908-909), and due to the increased vulnerability caused by natural resource decradation 
mentioned by Shyamsundar. 
 
4.3 Forest management and land tenure in Kenya 
 
In Africa, according to Bryant et al. (1997: 15), roughly a third of the original forest cover 
remains. Approximately 5 percent of the remaining forests in Kenya were lost between 1990 
and 2005 (Diaz-Chavez et al. 2010: 70). Kenya has approximately 1.24 million hectares of 
closed canopy indigenous forest of which the majority are managed by the KFS, whilst the 
KWS manages forests in National Parks and Nature Reserves. There are also approximately 
165,000 hectares of plantation forests (Diaz-Chavez et al. 2010: 70). 
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The state of the environment is negatively impacted by land degradation which, on the other 
hand, is influenced by the existing land and resource use management systems (Eden 1986: 3-
4). In Kenya, the Environmental Management and Coordination Act (EMCA) of 1999, that is 
the principal regulatory instrument governing environmental management and natural 
resource use, recognizes the right to a clean and healthy environment and obligates every 
person to safeguard and enhance the environment (KNCHR 2006: 114). This is in line with 
the 1972 Stockholm Declaration that states: “Man has the fundamental right to freedom, 
equality and adequate conditions of life, in an environment of a quality that permits a life of 
dignity and well-being.” (KNCHR 2006: 113). EMCA establishes the NEMA as the principal 
regulatory authority and obligates it to ensure compliance and enforcement of environmental 
related legislations (KNCHR 2006: 121). Access to land is acknowledged as a fundamental 
human right, also by the Kenyan constitution, and numerous Kenyan and international 
instruments now recognize that proper land use is the key to poverty reduction and 
maintenance of sustainable livelihood systems in developing countries (KNCHR 2006: 54). 
Unfortunately, however, the undeniable link between human rights, environment, and land is 
not respected by Kenyan land laws that emphasise the rights of landowners with titles at the 
expense of the majority of peasants who may claim communal ownership as clans or ethnic 
groups (KNCHR 2006: 181). 
In many parts in Africa land is governed by both by traditional (codified customary law) and 
modern property regimes (statutory law) (Rocheleau & Edmunds 1997: 1352). In Kenya, land 
tenure falls into four different entities: Government (public), County Councils (local 
authorities), Individuals (private) and Groups (communal). Trusts Lands are held under the 
trusteeship of County Councils for the benefit of the residents of the respective districts and 
that are occupied and utilised within the confines of customary rules. When the Trust Lands 
are registered to individual residents, they become private, which is land under lease or 
freeholds held by corporate interests or individuals following registration and issue of titles, 
following land consolidation and adjudication. Freehold title gives a holder absolute 
ownership of land without any restrictions regarding use or occupation. Leasehold, on the 
other hand, provides ownership for a definite term of years, and it can be granted by the 
government for government land, by the County Councils for Trusts Lands and by individuals 
owning freeholds (Kanyinga et al. 2008: 107).  
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The state remains a central actor in the structure of landownership both at the local and 
national level regulating both access to and control of land (Kanyinga et al. 2008: 108). In 
Kenya, the concept of customary land is tied to ethnic boundaries and has been used to 
support a policy of land crabbing and land accumulation by aspiring commercial landowners 
with  strong  political  connections  and  to  empower  most  powerful  ethnic  groups  (Amanor  &  
Moyo 2008: 13, 15; Kanyinga et al. 2008: 194). Among the Mijikenda, the access to land and 
land rights were traditionally arranged according to customary law, whereby land became the 
property  of  the  individual  who first  cleared  and  cultivated  it.  An important  characteristic  of  
land tenure was the distinction between ownership of the land, and ownership of the trees and 
the right to dispose crops. According to Ciekawy (1988 in Hoorweg 2003: 313), the land 
tenure reform and commoditization have discouraged the separate ownership of land and trees. 
The accumulation of landholdings of the big landowners together with a decrease in the size 
of smallholdings has increased socio-economical inequalities in Kenya (Kanyinga et al. 2008: 
125). The promotion of rights to resources based on ethnic origins, majimboism, has 
fermented ethnic conflicts and it has been used to expropriate land and increase the squatter 
population (ibid. 195). Kanyinga et al. (2008: 186) argue that the dominant approach to land 
reform in policy circles is to promote security in land rather than redistribution of land saying 
that long-term security in land would increase investment on it – profiting thus the private 
sector instead of the landless. Land redistribution that goes beyond the remit of strengthening 
customary systems is needed to solve the large inequalities in land and natural resource 
distribution (ibid. 195).  
 
As elsewhere in Africa, according to White and Mustalahti (2005: 21), the government has 
followed the colonial predecessors by assuming that forests and woodlands need protection 
from local inhabitants. Thus, the work of the forestry services has often revolved around 
guarding the forest. Forests, as part of natural resources, are declared to be under the 
ownership of the state by the authority over their management. Unfortunately, the states have 
in practice been unable to assume the responsibility with often limited or no consideration for 
conservation or biodiversity protection, or for impact on or user rights of the local community 
(White & Mustalahti 2005: 19-20). The most secure and viable means through which local 
communities can acquire substantial rights over forest resources is by holding a title to land, 
although the ownership does not automatically mean that community can sell the land or for 
example valuable timber from their forest (ibid. 21). The land titling and registration, that was 
vigorously promoted under the modernization theory from the 1950s to 1980s has, however, 
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had limited success in Kenya (Amanor & Moyo 2008: 11). The privatization of public lands 
started by the the government in the 1980s has led to considerably outcry and violent 
struggles by the poor to defend their livelihood interests (Amanor & Moyo 2008: 26-27). In 
the 1990s Kenya Land Alliance, among others organized to articulate issues around land 
which helped in keeping the land question in the national agenda (Kanyinga et al. 2008: 121).  
Kanyinga et al. (2008: 120) argue that at the same time the mainstream framework for 
sustainable development has blamed deforestation on population growth and inappropriate 
farming strategies it has empowered the state and corporate sectors to manage land, control 
the rural poor, expel squatters from forests and create corporate buffer zones around the forest 
reserves. According to Kanyinga et al. (2008: 120) these strategies have enabled land 
grabbing to occur in forest zones, but also eased the allocation of land to private investors like 
agribusiness firms that expropriate large areas of land in forest areas for monoculture 
plantations which often destroy local biodiversity, create landlessness, decrease the local food 
security, and increase social differentiation and poverty (ibid. 185). 
 
4.3.1 Gendered land tenure and resource use 
 
Besides differencies in the land tenure and management between elites and poor, ethnic 
groups and agribusiness companies, there is a gendered division in land tenure, forest 
management and resource use. In most African communities, the inheritance practices favour 
the male gender while women’s rights to land have been through conjugal rights or otherwise 
limited to user rights. Mitullah (2003: 299) continue by adding that a woman without a 
reasonable level of education and who is not married will hardly have access to land or other 
immovable assets, and Rocheleau and Edmunds (1997: 1356) add age as one restricting factor. 
The fact that land is a resource that has historically remained outside the control of women 
has tended to constrain their upward mobility (ibid.). There are differences in the spaces and 
places  on  which  women and  men use  trees  and  forest  resources  and  in  which  they  exercise  
some control over management; and there are differences between men’s and women’s access 
to trees, forests and their products (Rocheleau & Edmunds 1997: 1353-1354). Women are 
usually  subsistence  users  where  as  men tend  to  be  the  commercial  users  of  forest  resources  
(Mustalahti 2011; Rocheleau & Edmunds 1997: 1356). The shifting ecological and social 
conditions repeatedly force women and men to negotiate their terms of access to specific 
resources (Rocheleau & Edmunds 1997: 1362).  
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On the other hand, focusing on land titling often underplays the significance of women’s 
existing resource use and ownership rights as encoded in the customary law of many societies. 
Product, commodity and market types divide men’s and women’s domains: men may have the 
control  of  live  wood,  charcoal,  logs,  timber,  large  branches  and  poles,  livestock,  goats  and  
wood carvings while women’s domain may be dead wood, fruits, nuts, small wood, fuelwood, 
baskets and rope, cowpeas and other subsistence crops, chickens and eggs (Rocheleau & 
Edmunds 1997: 1365).  
 
4.4 The ways forward: sustainable land management, development and livelihoods 
Without healthy environment, quality of human life is reduced as the environment is the key 
to sustaining economic activity and well-being (Skidmore 2002: 1). Sustainable land 
management refers to human activities that are done in a manner that attemps to balance the 
often conflicting ideals of economic growth and maintaining environmental quality and 
viability. The sustainable management of Africa’s land and forests can contribute towards 
wealth generation both at national and local levels through small-scale forest enterprises, for 
instance, and help safeguard a range of environmental functions (ibid.). Sustainable land use 
and development are based on two critical factors according to Skidmore (2002: 1): firstly, 
national, regional and local policy and leadership (for instance through legislation, policy 
documents, imposing sanctions, introducing incentives, motivation to contribute to 
development, etc.); and secondly, sustainable land use requires the participation by and 
benefits to local people in order to give them incentive to contribute positively to the settings.  
 
According to Nizeyimana et al. (2002: 227) national priorities in land use policy and 
legislation drive the land use planning and management in national level and development 
projects often on the district level; while local planning may be carried out at the community 
of watershed level; and individual farms decide the best management practices for different 
fields (ibid.). Generally, poor have little ability to influence forest management decisions 
(Nizeyimana et al. 2002: 227). By and large, community control over the natural resources is 
poor in most parts of the coastal strip in Kenya. According to Hoorweg et al. (2003: 400), this 
provides ample opportunity for political and economical manipulation. The main shortcoming 
of government management is not so much a lack of regulations but lack of co-ordination and 
implementation, and limited and ineffective surveillance capacity leading into abuse of 
regulations (Hoorweg et al. 2003: 400). However, high levels of forest loss tend to be 
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correlated with lower governance effectiveness and underlying drivers of poverty (Eliasch 
2008: 45). According to Bryant et al. (1997: 35-36) and Eliasch (2008: 218), on national level, 
forest sector related government policies must promote economic development without 
destroying the environmental services provided by forests. Eliasch Review (Eliasch 2008: 48) 
argues that unless major, effective policy interventions are made on sustainable basis, 
economic development will continue to impact negatively on forests. 
 
Governments must to develop, implement and enforce clear and appropriate laws and policies 
that will immediately halt further loss of forests and restore degraded forests; help reduce 
poverty by securing reliable and equitable land tenure; expand and better manage protected 
area systems; create incentives for the private sector to manage frontier forests sustainably; 
monitor forest quality to measure the success of management programs; ensure that different 
agencies are effective and have clear responsabilities and roles; and encourage stewardship 
and educate the public about forests (Bryant et al. 1997: 35-3; Eliasch 2008: 218). However, 
the governance reforms may take time – thus, Eliasch (2008: 195), suggests that development 
of mechanisms and demonstration of activities at national and sub-national level can be used 
as a platform to improve governance in parallel, through developing institutional and human 
capacity. GIS and RS contribute to better spatial information which leads into improved 
planning and decision making at all levels and scales (Skidmore 2002: 2, Aspinall 1993: 223). 
 
Providing secure tenure and use rights and resource access, forests can be successfully and 
sustainably managed by governments, communities and individuals according to Molnar et al. 
(2004 in Eliasch 2008: 44, Elisach 2008: 193). Those rights are essential to the willingness of 
communities to invest in management and protection of forests (White & Mustalahti 2005: 86; 
FAO 2006: 9), as well as inducement to squatters to take care of the land they are using or to 
invest in dwellings (Hoorweg 2003: 314, Macoloo 2003: 332). Farmers need to have 
confidence in that the land they are using will remain within their family to assure that the 
investment of time and money (for planting of trees, for instance) will not be wasted 
(Hakkarainen & Wilska 2007: 95).  
Development officer Kenny Manara from the Finnish Service Centre for Development 
Cooperation (KEPA) argues that the formalisation of the land tenure does not, however, 
solely reduce rural poverty as also technology, capacity building, just access to market for 
agricultural and forest products, infrastructure and many other means of support are needed 
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(Hakkarainen & Wilska 2007: 95). Legal frameworks often make it difficult for poor to access, 
use and harvest forest resources legally. Together with flawed policy; lack of government 
enforcement capacity; insufficient data and information about the forest resource and illegal 
operations; and corruption in the private sector and in government, they are the underlying 
causes of illegal forest sector activities. The absence of local people in the forest management 
reduces  the  incentives  of  them to  comply  with  the  law and  promotes  their  indifference  with  
regard to compliance by those who live outside the community, including government 
officials (FAO 2006: 40-41). Simplifying forest rules and regulations for smallholders will 
increase law compliance and decrease opportunities for discretionary decisions and subjective 
interpretations of the law by government officials and forest operators. In cases, where the 
legal  frameworks  can  not  be  changed,  management  systems  that  give  more  rights  to  
communities and smallholders should be developed (FAO 2006: 40-41). 
 
Moinde-Flockler et al. (2007: 1172) claim that the full participation of the local community in 
actively and sustainably managing forest patches is the only way forests can continue to 
persist as well as sustain local livelihoods. Mustalahti (2007: 196) argues that local 
governments and people can become effective forest managers if central governments are 
committed to institutionalize a decentralized natural resources management model and to 
build up the necessary human and physical resources in districts and villages within an 
enabling policy environment. Capacity building is needed since the lack of education among 
the local communities and the inadequate knowledge among experts add to the poor 
management of the coastal resources (Hoorweg et al. 2003: 400). For instance, fires leaked 
out of control burn hundreds of millions of hectares of forests, woodlands and savanna 
worldwide yearly. Although the fires may increase the soil fertility in short run, they are 
especially devastating to poor people. Many times the poor do not have the means to assess 
the root causes of the problem, or the capacity to extinguish the fires. In any case, it should 
also be remembered that the local community is not a homogenous entity, but includes many 
potentially conflictive interest groups, such as: women collecting firewood for cooking, 
farmers, wood sellers, non-timber product collectors, landowners, tribal authorities, charcoal 
producers, processors of wood and non-wood forest products. Other stakeholder groups in the 
management include: forest department; local government and district authorities; staff of 
different Ministries; forest entrepreneurs; forestry colleges; forest industries and their staff; 
and NGOs and Community-Based Organizations (CBOs) (White & Mustalahti 2005: 5-6).  
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Local populations in the forests should demand that the government and private sector 
provide opportunities for long-term economic and cultural security without environmental 
destruction. In this, the NGOs, including advocacy groups are central as they can mobilize 
critical support for conservation and stewardship. By assessing and monitoring forest health 
and use, for example, NGOs can uncover evidence that governments, private industry, or 
others are mismanaging forests – or managing them soundly. Coordination and partnership 
forming with government agencies and private business is necessary to overcome the given 
limited time and financial resources of NGOs. Citizens are voters and consumers, thus partly 
responsible for the fate of world’s forests. They should ensure that decision-makers manage 
forests with the general public's needs in mind. Especially within wealthy countries, 
consumers can choose products that come from well-managed forests and that are 
independently certified as sustainably harvested; demand that retailers make such products 
available; and reduce pressure on forests by recycling and limiting consumption - not only of 
wood and paper, but also of energy and mineral resources from forested regions (Bryant et al. 
1997: 36-37). Sound management of forests can protect forests, improve local environmental 
services and provide local income now and for future generations (Bryant et al. 1997: 36-37, 
Shyamsundar 2002: 15), as Kenya’s Green Belt Movement proves. It started in 1977 as a tree-
planting programme to address deforestation, but today it is a movement for women-
empowering, community-based reforestation and forest management to provide a sustainable 
woodfuel resource and enhance soil fertility for agriculture (FAO 2010b: 47).  
 
4.4.1 Sustainable management systems 
 
Forest conservation is the most effective way to conserve the biodiversity and other ESs, but 
stringent restriction of human activity can cause harm if the local people lose access to forest 
products they depend on (Eliasch 2008: 60). The full or partial protection of forest areas of the 
upper part of hydrological catchments, of areas with unstable or otherwise fragile soils, and of 
areas of indigenous forest dwellers needs to go hand in hand with protection of proven high-
biodiversity forests. For this to happen, a process of holistic agro-ecologic and socio-
economic zoning and subsequent land use or non-use planning in close cooperation with all 
the participants interested in the forest lands is demanded (Kaufmann et al. 1991: 19). The 
International  Union  for  Conservation  of  Nature  (IUCN) describes  two basic  approaches  that  
have been used by conservation initiatives that are sensitive of local peoples: de-coupling and 
coupling. The previous shifts the economic interests of local people away from the 
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exploitation of resources in a protected area. Often improved agricultural practices to reduce 
dependence on the forest are included and social infrastructure like roads or schools can be 
built by such projects as a form of compensation. Alternative income-generating activities, 
such as a plantation or fast-growing trees, cash-crop initiatives, poultry or fish farming etc., 
are supported, too. The latter combines the local people’s interests with the conservation 
objectives by supporting ecotourism, game license management, collection of NTFRs and 
game-ranching or wildlife-raising projects (White & Mustalahti 2005: 22). According to 
Bryant et al. (1997: 35-36), national and international donor organizations should support 
projects that promote both conservation and the sustainable use of forests. Eliasch (2008: 191) 
adds that although the private sector is traditionally viewed as the enemy of conservation it 
can become an agent of sound forest management if it is willing to protect jobs and cultivate 
long-term profits by: working with NGOs, governments, and others to develop markets for 
products from well-managed forests; avoiding investments in projects that degrade or destroy 
forests; and lobbying and encouraging governments to try policies that promote forest 
stewardship.  
Sustainable management systems include, according to Eliasch (2008: 49, 54, 56, 58, 65-67); 
more efficient and sustainable agricultural production through increased productivity 
(intensification, extension onto non-forested lands, and agroforestry); sustainable forest 
management (SFM) supported by communities; management of infrastructural expansion in a 
way that minimizes environmental impacts and benefits local populations; promotion of off-
farm employment opportunities; participatory management of protected areas; PESs; and 
certification of products and effectiveness of sustainability criteria. 
SFM  is:  “management of forests for maximum social and economic benefits without 
compromising environmental values such as forest health, productive capacity, biodiversity, 
soil, water and carbon sequestration” (FAO 2010a: 11). It that can be designed, implemented 
and monitored through various tools and frameworks such as: legislative and voluntary 
standards generated by governing bodies; criteria and indicators; market-based forest 
certification systems; and adaptive management (FAO 2010a: 11). SFM, according to UN 
Economic and Social Council (ECOSOC) (2007), aims to maintain and enhance the economic, 
social and environmental values of all types of forests for the benefit of both present and 
future generations. Through maintaining resilient ecosystems it is seen to contribute to 
poverty reduction (Eliasch 2008: 55).  
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Eliasch (2008: 56) speaks about Community Forest Management (CFM) as a model for SFM. 
It is based on recognizing the role of forest communities as environmental stewards. Pre-
requirement for succesfull community forestry include: full and enforced legal protection, 
local ownership of organization and planning processes, adequate organizational, 
administrative and technical skills and access to finance (White & Mustalahti 2005: 7). 
Participatory Forest Management (PFM) is similar approach. It is applied within a specified 
forest area with set rules and regulations (White & Mustalahti 2005: 19-20). Cooperation, 
planning and participation by all relevant stakeholders are essentially important. Nature 
Kenya has driven the PFM approach in Dakatcha Woodland (Nature Kenya 2011b). The 11 
principles that guide PFM are presented in the Box 2.  
 
 
Box 2. The principles of Participatory Forest Management (PFM) (Nature Kenya 2011b) 
1. Sustainability  
Meet the needs of the present and future generation without compromising the ability of the future 
generation to meet their needs. Aims to increase future productive capacity 
2. Participation 
All stakeholders participate in the process for it enhances equity, effectiveness and long term management 
capacity for the managers that are informed, involved and supportive of the conservation goals 
3. Negotiation 
PFM involves interplay of many different agendas and partners; each stakeholder group is satisfied that 
priority needs are being upheld or respected in an environment of consensus 
4. Dynamicity 
It is a complex change process that requires committed management institutions; well expressed desires 
and flexibility by the stakeholders 
5. Strategic and Operational Planning 
Successful forest management depends on good planning at strategic and operational levels; agreed roles, 
rights, responsibilities and rewards (or returns) of the different stakeholders are agreed in the plan 
6. Indivisibility 
Consider each forest management as a whole; it is not possible to separate human, natural or physical 
assets into unrelated components  
7. Accessible Information 
Data to be collected, interpreted, analyzed and documented so that the local community can understand it; 
it should also be available to all 
8. Costs and Budget 
Costs and budget for the involvement of all stakeholders not just the mandated agency or community 
9. Opportunity costs and Benefits: 
Spread all costs to the participating partners and share all benefits accruing from the resources for value of 
the resources to be felt by all affected stakeholders, most important here are local communities and 
government agencies 
10. Power and Control 
Share power and control to create a feeling of ownership for all involved; including the power to police the 
pressure, arrest and prosecute 
11. Credit 
The success and failure belongs to all partners and they should be happy to bare burdens and success for 
their and actions 
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All the changes in forest management towards participatory or community lead structures 
require long-term technical, management and administrative support to forest communities. 
Changes in forest management system can drive changes in overall power structure, as is the 
case in Tanzania, where mismanagement by forest official, which have participated in legal or 
illegal logging activities to support themselves, has declined and local people have been 
empowered, through increase in PFM areas that now constitute 12.8 percent of country’s 
forest areas (Mustalahti 2011).  
Agroforestry systems could be one way to achieve the combined benefits of improving 
income streams from agriculture, protecting biodiversity and maintaining or increasing forest 
cover (Eliasch 2008: 54). FAO (2006: 26) defines agroforestry as: “a dynamic and 
ecologically based natural resources management system that integrates trees on farms, 
ranches and in other agricultural landscapes for diversifying and increasing production”. A 
major challenge in it is to adapt existing systems to local ecological, economic, social and 
cultural conditions. Incentives to cover the risks and costs of changing from annual 
agricultural crops to agroforestry systems are often inadequate. However, agroforestry allows 
product diversification which, together with sound marketing strategies, can generate profits 
throughout year from the sale of trees, NTFPs and surplus crops. Furthermore, agroforestry 
systems offer important environmental benefits from windbreaks that protect soil from 
erosion to improved production by sheltering crops (ibid. 26-27). Combined with agroforestry, 
sertification schemes could offer further benefits. Despite increasing the cost of forest 
management, when rights and standards are in place, higher revenues promote sustainable 
resource management. Fair trade is one sertificate system through which local income can be 
increased sustainably by encouraging producer cooperatives to offer reasonable prices to 
suppliers, by providing good working conditions and by reducing the number of intermediants 
in market transactions (FAO 2006: 31).  
Farm forestry is promoted besides agroforestry as a small-scale sustainable management 
method also in Kenya. Agriculture Farm Forestry Rules define farm forestry as: “the practice 
of managing trees on farms whether singly, in rows, lines, and boundaries or in woodlots or 
private forests” (Okeyo et al. 2010: 27, Mbuvi et al. 2011: 44). The rules set compulsory 
establishment of farm forestry – at least 10 percent of the land owned or occupied by anyone 
should be under it (ibid.). Several farm forestry activities supported by KFS, Kenya Forestry 
Research Institute (KEFRI) and NGOs involved in forest conservation are planned to take 
place in Dakatcha Woodland. Establishment of on-farm woodlots is encouraged through 
59 
 
building capacity of communities and other stakeholders in tree planting to release the 
pressure on the natural forests (Mbuvi et al. 2011: 44).  
According to Eliasch (2008: 61) the payments for ecosystem services (PES) could provide a 
complementary  income for  locals  adjacent  to  forests.  PES is  a  transaction  in  which  units  of  
environmental service (ES) are bought in condition that the ES provider continues to supply 
that service (CIFOR 2006). PES schemes have been designed to have users compensate those 
who must bear costs or are prevented from developing the resource. For instance, a hotel that 
profits  from  tourist  who  visits  areas  of  high  aesthetic  value  needs  to  ensure  that  the  
surrounding landscape remains unspoiled – it, or the tourists, thus pay a tax that is shared 
among local people offsetting the lost income that was the result of restrictions imposed on 
harvesting forest (FAO 2006: 45). In Brazil (Eliasch 2008: 221), Bolsa Floresta scheme, 
rewards communities for their commitment to halt deforestation. The participating families 
are required to take part on a two-day training programme on environmental awareness and 
make a zero deforestation commitment. In addition, they must enroll their children in school. 
For all this, they receive a monthly payment of about USD 30 while community associations 
can receive payments up to USD 2,500 monthly to support legal income generation activities 
such as beekeeping for honey production, fish-farming or forest management.  
In Arabuko-Sokoke Forest, A Rocha Kenya is currently having an ASSETS scheme that is a 
pioneering community conservation project which encourages community involvement in 
nature conservation through child education and poverty alleviation. Arabuko-Sokoke Forest 
and the adjacent Mida Creek support some of Africa's rarest wildlife. ASSETS encourages the 
local  people  to  value  the  forest  and  creek  by  distributing  the  benefits  from  eco-tourism  
throughout the local communities. The funding from eco-tourism is provided via scholarships 
for secondary school children who would otherwise be unable to attend school. The ASSETS 
beneficiaries are involved in various conservation activities (ASSETS 2011). In the Bondo 
district  of  Nyanza  Province,  an  umbrella  CBO RAFDIP Community  Forest  Association  has  
worked with farmers giving them tree and crop seedlings to be intercropped for food supply 
and income generation. After two years of intercropping, the farmers are given a beehive for 
every 500 threes planted. With proper management, harvesting of honey can begin three 
months after colonization. Three years later trees are harvested for charcoal production while 
the tree stumps are left to coppice and pruned to three stems per stump and the cycle 
continues. This model of afforestation, also called CODCA Model (Community Driven 
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Commercial Afforestation), is a promising model as far as income generation and ecological 
stability are considered (Mugo & Gathui 2010: 25). 
Another viable option for sustainable income generation could be Market Analysis and 
Development (MA&D) which is a participatory process designed by FAO for developing 
locally based sustainable forest enterprises by linking participatory recource management and 
conservation with income generation. MA&D, which is presented in Box 3, is directed to 
people who use tree and forest products for generating income to start viable and secure 
markets through the sustainable use of natural resources. 
 
4.4.2 Sustainable livelihoods  
Sustainable development suggests that environmental sustainability and human economic 
development are compatible, attainable and inseparable, enabling a situation where both 
development and environmental protection are achievable. Livelihood is sustainable when it 
is able to cope with and recover from stresses and shock and maintain or enhance its 
capabilities and assets both now and in the future respecting the natural resource base 
(Chambers & Conway 1991: 6). According to Hakkarainen & Wilska (2007: 5) sustainable 
livelihood include issues such as ensuring the quality of life in an ecologically and socially 
sustainable manner, having participatory decision making, and safeguarding resources and 
opportunities for future generations. According to these writers, the same practices and 
structures that are obstacles to sustainable livelihoods, create and sustain poverty. Poverty is 
not  just  a  lack  of  income  or  low  level  of  consumption,  as  it  may  also  be  related  to  lack  of  
opportunities to take part in decision-making or being unable to join in the activities of the 
Box 3. Market Analysis and Development (MA&D) 
MA&D is a fourfold process that includes a planning phase where the local natural resources and their 
potential, markets and stakeholders are assessed, and intervention sites identified. The next phase 
includes assessing the situation (possibilities and constraints; potential entrepreneurs, resources and 
products) at the local level with the community. Third phase is formed of identifying products, markets and 
means of marketing. In the fourth phase, a plan for enterprises for sustainable development is drawn and 
community receives skill development and entrepreneurial training and monitoring under the guidance of 
a field practitioner that work along the whole process together with the community. In Gambia, for 
instance, the Gambian Forestry Department piloted the MA&D approach in 2001 in 23 villages. All have 
started enterprises that deal with selling fuelwood and logs, arts and crafts, honey and other non-wood 
forest products (NTFPs), and eco-tourism ventures. Activities have generated significant income and have 
had a  positive  impact  on  the  way  the  communities  manage their  forest  resources.  Sales  of  fuelwood,  for  
instance have brought increased income through increased bargaining power of groups instead of 
individuals (FAO 2006: 18-20, 30).  
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community. According to KEPA, poverty is the outcome of people’s active deeds or 
inactivity which maintains existing injustices and a result of economic, social, political and 
cultural interaction and activity that forms structures that feed societal inequality 
(Hakkarainen & Wilska 2007: 5, 40). Only if these structures and practices will be dismantled, 
can the poverty be eradicated and impoverishment ended (Hakkarainen & Wilska 2007: 5). 
 
According to Hakkarainen and Wilska (2007: 97) at least four essential issues need to be 
tackled to achieve the goal: the need for democracy; the proper cooperation between the state, 
civil society organisations and citizenry; the appreciation of diversity and local initiatives; and 
the acknowledgement of importance of women. The last is essential, because women are 
crucial in promoting sustainable livelihood (Hakkarainen & Wilska 2007: 98). In Coastal 
Kenya, usually men engage in activities within the wider society while women participate in 
activities in and around home. The men tend to look for off-farm employment or business 
more  than  women,  although  in  the  area  of  goods  and  services,  women  are  also  getting  into  
business. Indeed, it is mostly women, who are selling foods from roadside or providing meals 
from small restaurants (Mitullah 2003: 302-303). In the Coast Province, the Muslim culture, 
which discourages female participation in economic activities outside the family, among the 
low level of female education that has bearings on the level of fertility and mortality, serve to 
restrict the entry and active participation of women in the wage employment (Ikiara 2003: 245, 
Wakajummah 2003: 79). Improvements of female education are expected to lead to 
improvements in social, economic and political participation of women (Hoorweg et al. 2003: 
404) – and thus, improved sustainability of livelihoods. 
 
Valkila (2007: 125) speaks about Sustainable Livelihood Approach (SLA) as a framework for 
understanding the livelihoods of poor people living in the rural areas of developing countries, 
in particular. The approach draws from the concept of sustainable development. The SLA 
analyses the local strengths and opportunities that could be supported to improve livelihoods 
and the associated weaknesses which may hinder reaching development goals. Figure 6 
presents a framework for SLA, in which the context of vulnerability refers to cases that 
people generally have little or no control over. A vicious circle of poverty can be formed 
when people are not able to resist shocks like natural hazards, market fluctuations, conflicts 
and state actions. Livelihood assets are various capitals that people take advantage of to 
secure their livelihoods. They are in interaction with transforming structures and processes 
that shape livelihoods both in controlling the context of vulnerability or by helping people to 
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accumulate assets, but also by creating shocks through policies or legislation that affect 
adversely the livelihoods of the rural poor. People choose their livelihood strategies according 
to the context of vulnerability, livelihood assets and transforming structures and processes 
that are present in their lives. Livelihood outcomes include material goods such as food and 
income, but also immaterial goods like increased contentment, well-being and reduced 
vulnerability. The outcomes are created though different strategies and they influence 
people’s livelihood assets by either enhancing them (e.g. increased income) or taking away 
from them (e.g. a failed crop, business or development project) (Valkila 2007: 127-131). 
Unsustainable utilization of livelihood assets like forest resources can lead to resource 
degradation.  
 
 
Figure 6. Framework for Sustainable Livelihoods Approach (based on DFIF 2003 in Valkila 2007: 127).  
According to Soini (2006: 4) the majority of livelihood strategies in an agricultural setting 
involve reshaping the environment to accommodate production of commodities that the 
natural environment would not otherwise provide. The sustainability of land use processes 
depend on the way the environment is treated during the process. In the sustainable livelihood 
thinking, environment is represented as a natural capital. Land use is a livelihood strategy: 
populations migrate to areas with agricultural potential; population growth may lead into 
expansion of agricultural lands but also to intensification and diversification and to sub-
division of farms. Livelihoods can be sustained and improved by new commodities from 
efficient land use, but limited resources can lead to differentiation of livelihoods due to 
unequal access to land and natural resources. In cases where cultivation of land does not 
provide livelihoods, off-farm income becomes crucial (Soini 2006: 13).  
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Majority of the people in developing countries are struggling to find livelihood strategies that 
support them. Informal economy is often the only reality for them (Hakkarainen & Wilska 
2007: 11). Acording to the International Labour Organization (ILO), Kenya is one of the 
countries in which informal work constitutes three-quarters or more of total employment (ILO 
2002 in Hakkarainen & Wilska 2007: 15). District plans from the mid 1990s show that only 
an estimated 10 to 15 percent of the labour force in Malindi District was engaged in formal 
wage employment. Informal employment is defined by Hakkarainen & Wilska (2007: 15) as 
employment that covers all remunerative work, both self-employment and wage employment 
that is not recognized, regulated or protected by existing legal or regulatory frameworks and 
non-remunerative work undertaken in an income-producing enterprise. If the majority of 
people want to be included into society fully, an active role by the state, for instance in 
education, healthcare, income distribution and legislation, is demanded (Hakkarainen & 
Wilska 2007: 25). Unfortunately, in many countries the authorities and economic elites are 
neither able nor want to integrate the informal and self-sufficient economy into the formal 
organisation  of  society  which,  in  part,  leads  to  a  lack  of  economic  and  human capital  (ibid.  
13). In the rural self-sufficient economy life contains many risks and uncertainties as the main 
aim of production is to safeguard one’s own subsistence. This leads into avoiding taking risks 
and approaching new inventions and experiments with caution (Todaro 1988 in Hakkarainen 
& Wilska 2007: 21).   
4.5 Woodfuel Energy: an issue that ties together forest resources, livelihoods and 
sustainable development 
The woodfuel energy demand, which is one of the key drivers of deforestation and land 
degradation in Kenya, is mainly satisfied by informal work (FAO 2010a; Amous 1999; 
Kinyanjui 1987; Diaz-Chavez et al. 2010: 70). Woodfuel production will remain high because 
it generates income, but also because woodfuels remain the most available and affordable 
energy source for most rural residents in developing countries (FAO 2010a: 44-45; Anderson 
et al. 1999: 16). Still 90 percent of the rural dwellers in Kenya depend on fuelwood for their 
energy needs (Diaz-Chavez et al. 2010: 70). According to KNBS (2007: 195) and Diaz-
Chavez et al. (2010: 70), fuelwood remains the predominant fuel for cooking in Kenya, 
although the social and economic changes associated with urbanization have recently led to a 
significant shift from fuelwood to charcoal. User location influences the use: (Amous 1999: 6-
7): 87.7 percent of the rural households depend on fuelwood and 7.7 percent on charcoal, 
where as only 10 percent of the urban households consume fuelwood and 30.2 percent are 
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dependent on charcoal (KNBS 2007: 195). Figure 7 reveals that in Malindi area, 68.9 percent 
of the households depend on firewood and 11.4 percent on charcoal for cooking purposes.  
 
Figure 7. Main household cooking fuel by area in 2005/06 according to statistics from KNBS (2007: 217). 
 
Besides varying sources of energy, households use different cooking methods. A joint study 
done in Mulunguni and Baricho villages by A Rocha Kenya and Nature Kenya in 
November/December 2009 (A Rocha Kenya 2009a) found that all of the 25 assessed 
households were using three stone jikos and firewood for cooking purposes. The firewood 
was collected from the forest once or twice a day. Only one household said they are buying 
firewood. All of the households were using firewood also for lighting besides tin lamps. 
According to KNBS (2007: 230), 70.4 percent of the households in Malindi area depend on 
the traditional stone fire for cooking purposes; 10.8 percent use ordinary charcoal jiko; 8.9 
percent kerosene stove and 6.4 percent gas cooker (Figure 8). Only 1.6 percent of the local 
households use improved charcoal jikos that save energy although they are available locally.  
 
Figure 8. Primary type of cooking appliance by area in 2005/06 according to statistics from KNBS (2007: 
230). 
 
The expansion of 50 percent in charcoal use globally from 1989 to 2008 is due to migration to 
urban and peri-urban areas (FAO 2010a: 72). In Africa, the fuelwood consumption grew by 1 
percent per annum during the period 1980 to 1994 where as the population grew by 2.8 
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percent per annum (2.1 percent in the rural areas). Charcoal consumption, however, grew by 
2.8 percent per annum during the same period, which demonstrates the societal change. 
Charcoal will undoubtedly represent a major economic, social and environmental issue in 
Africa in the future (FAO 2010a: 72). There are significant differences in household charcoal 
use, even among countries with similar levels of economic development because of 
differences in biomass availability, promotion of other fuels, cultural and social preferences 
(FAO 2010b: 15). Many local and supply-related factors, such as accessibility (including land 
tenure and resource ownership) and affordability, influence the end-user decisions or 
preferences for woodfuels (FAO 2010a: 31). Some foods are believed to taste better when 
cooked using firewood or charcoal than electricity – efficiency is thus not necessarily the first 
determinant when choosing the cooking device. Fireplace bears a multifunctional role – fire 
provides light, warmth and the smoke that keeps mosquitoes and other animals away (FAO 
2010a: 38).  
 
Besides ecologic role, woodfuels play a major socio-economic role in almost all African 
countries. Although direct costs of household fuelwood collection are generally low, the 
indirect costs may be substantial (FAO 2010a: 43). The large amounts of human energy that 
are spent on fuelwood gathering (and water fetching) are away from agricultural production 
(Goldemberg 2000: 52). Women and girls are generally the most concerned by the collection 
and use of woodfuels for cooking, but also other productive purposes such as informal 
catering, brewing or even small-scale industries (Amous 1999: 16). This signifies that women 
largely determine the energy consumption patterns of households. As women participate in 
agricultural production, cooking and child-caring at the same time with woodfuel collection, 
the scarcity of fuelwoods increases the time and effort required to meet minimum household 
energy needs and may lead to negative impacts on the nutrition and health of families (FAO 
2010a: 37; Anderson et al. 1999: 58; Goldemberg 2000: 47). Children contribute vitally to the 
survival of families by conducting about one-third of the labour for gathering fuelwood, 
fetching water and grazing livestock. This is, naturally, decreasing their possibilities to fully 
concentrate on schooling (Goldemberg 2000: 52).  
 
At household level, fuelwood use, especially firewood in a three stone jiko, poses significant 
health issues – poor indoor air quality is associated with 2 million premature deaths, 
disportionally of women and children, taking place yearly (Goldemberg 2000: 11). Many 
woodfuel stoves are of poor quality and emit substantial amounts of toxic gases such as 
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carbon monoxide, methane and particules due to incomplete combustion leading to acute 
respiratory infections (ARI) like pneumonia that is the most common cause of death for 
children under five years old. Other related illnesses associated with indoor air pollution are 
eye and lung diseases, cancer and adverse impacts on pregnancy (Anderson et al. 1999: 42). 
In Malindi area, nearly half of the households (43.4 percent) has kitchen indoors without 
partition to other rooms. 22.1 percent of the households have their kitchen indoors with 
partition whereas 18.7 percent uses enclosed kitchen that is detached, and another 10.6 
percent attached enclosed kitchen (KNBS 2007: 227). Unintentional kitchen fires, poor 
ergonomies of stoves and injuries associated with carrying heavy loads of fuelwood are also 
related (FAO 2010a: 35-36). IEA estimated in 2006 the average load, the so called head load, 
of firewood to be 20 kilograms in sub-Saharan Africa (FAO 2010b: 44). Besides heavy loads 
and  time  consumed  to  collect  fuelwood,  women  need  to  bear  the  thread  of  safety  risks  
especially in remote and politically unstable areas (FAO 2010b: 44). Furthermore, 
combustion-induced air pollution exacerbates the global warming warming and the health of 
the men and women who make charcoal (Mwakio 2003: 68). Charcoal use bears negative 
effects locally related to inefficiency of its production, poor forest and land management 
which leads to degradation, and the long transportation distances involved (FAO 2010a: 69-
70). On the other hand, charcoal has a higher energy density than fuelwood which makes it 
lighter and thus cheaper to transport and store. It can be stored without risk of insect or fungal 
attack, and it is almost smokeless and sulphur-free, making it more suitable for towns and 
cities than fuelwood (ibid. 70-71). Understanding the problems associated with charcoal 
production require understanding of prevailing social, political, economic and environmental 
contexts (FAO 2010a: 73).  
Despite  the  negative  ecological  and  social  impacts,  one  must  not  forget  that  both  fuelwood  
and charcoal represent a significant economic activity in many African countries. A large 
number of people are employed in different phases of the suppy chain through collection and 
sizing the wood, preparation of kilns for converting wood to charcoal, loading wood into kilns 
and unloading charcoal after conversion, unloading, bundling, packaging, transportation and 
marketing. Additional employment is created by the activities that use charcoal, such as food 
processing industries for baking and brewing, too (FAO 2010a: iiv, 14, 74). Figure 9 presents 
the processes involved in charcoal production.  
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Figure 9. Processes involved in charcoal supply chain (modified from Figure 2 in FAO 2010a: 75).  
 
While women are the main actors in fuelwood that is mostly self produced and consumed in 
rural areas or informally sold along the roads or on urban markets, the charcoal production, 
distribution and marketing is more formalized (Amous 1999: 16). Generally, the direct 
beneficiaries of incomes generated from charcoaling are tree-owners, the unemployed, the 
landless and small-scale farmers or pastoralists. The FD gain small revenues in cesses (taxes) 
and licenses (Kinyanjui 1987: 21). According to a study made by Kinyanjui (1987: 25), 
charcoal production brings in more income to the charcoal-maker than the trees bring to the 
owner. In 1985, in some parts of the Embu District north of Nairobi, for instance, making 
charcoal just twice a year from 1 hectare producer earned more than production from 1 
hectare of cotton, with no capital or cash outlay required and far less labour. The wage per 
day earned was nearly two and a half times the official minimum wage for farm workers. 
Major determinants of profitability in charcoal-making operations include technology in use, 
efficiency of operation, distance from major markets, local cost of inputs and the species of 
trees used. Larger kilns (over 100 bags per cycle) operated by the large-scale charcoal-makers 
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seem  to  be  more  productive  and  profitable  than  small  ones  (under  ten  bags  per  kiln  cycle)  
(Kinyanjui 1987: 25). Box 4 describes the wood carbonization methods and regulations 
related to charcoal production and transportation, but also features related to the commerce. 
 
Box 4. Charcoal production, transportation and marketing 
In Kenya, charcoal production uses two primary techniques; the traditional earth mound kiln and the 
Missouri  brick  kiln  (Kinyanjui  1987:  19).  Charcoal  is  generally  produced  at  small-scale  facilities  in  rural  
areas by casual or itinerant, but skilled charcoal-makers, traditionally in earth-pits in which the wood is 
placed in a pit dug into the ground and lighting it from the bottom covering the pit then with green leaves 
or metal sheets and soil to prevent complete burning, or above-ground mounds, in which the wood is 
piled and lit and covered by soil to reduce air flow (FAO 2010b: 13-14; Kinyanjui 1987: 20).  
 
 
Charcoal kilns in preparation to be carbonized in Dakatcha Woodland in April 2011 
 
About 20 percent of the original weight of wood is converted to charcoal and the remaining mass is 
released  in  the  form  of  vapours  and  gases,  including  black  smoke.  Slower–growing  dense  wood  species  
are preferred (FAO 2010b: 13-14), and the general opinion is that higher quality charcoal can only be 
produced with native species (Ruwa 2010). Besides the tree type (and moisture content in wood), 
production method, production cycle time and the operational skills affects the efficiency. Ruwa (2010) 
says charcoal can be produced even in three days but the quality charcoal may take up to ten days. 
Presence of a chimney that ensures optimum draught conditions also appears to lead in increased yield 
(FAO 2010b: 38-39, Anderson et al. 1999 72). In modern kilns, the production efficiency can reach 35 
percent and the evolved gases and vapours flared to avoid local air  pollution (Anderson et al.  1999: 72).  
   
 
 
Carbonized charcoal kilns in Dakatcha Woodland in April 2011 
(continues) 
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Box 4.  continues 
 
Storage, transportation and use of charcoal produced in Dakatcha Woodland in April 2011 
 
The study from Nairobi area by Kinyanjui (1987: 20), found three different production scales: small-scale 
enterprises producing fewer than ten bags per kiln cycle and mostly supplying local consumption with a small 
surplus sold at the roadside to city-bound consumers; medium-size enterprises producing ten to 100 bags per 
cycle and selling charcoal to Nairobi-based transporters; and large-scale enterprises yielding over 100 bags per 
cycle and having long-term supply contracts with specific Nairobi-based transporters. According to Kinyanjui 
(1987: 20), the seasonal producers engaged in charcoal production when existing woodlots mature, or during 
drought or other crop failure. Some seasonal producers make charcoal when school fees for their children are 
due or whenever demands for cash income become pressing which was found true also in Dakatcha Woodland. 
Infrequent producers are operational in areas where new land clearing is occurring, and trees are available at 
little or no cost. While full-time and seasonal producers often initiate tree felling for charcoal-making, the casual 
or infrequent enterprise usually takes advantage of trees felled for other purposes (Kinyanjui 1987: 20). 
 
The Government introduced the charcoal regulation in 2009 to answer to the charcoal supply crisis caused by 
unchecked harvesting of trees and inefficient production methods, unsupportive policies and a contradictory 
legislative environment. The commercial production and transportation of charcoal is to be done upon 
obtaining the licence from the KFS. According to Forestry and Wildlife minister Noah Wekesa (Daily Nation 
2010), the new forest charcoal rule aims at environment-friendly and sustainable production. The Charcoal 
Regulation is, however, not respected especially in the remote areas of the country like Dakatcha Woodland. 
Reasons include, among others, lack of resources in control and bribing which Ngari (2011) thinks is the case in 
local administration and County Council level. He thinks that the producers and transporters get away from 
penalties with paying their name on a list of approved charcoal producers and transporters list. The opinion of 
the Marafa Government Office (2011) is similar: there are not enough resources from the part of the forest 
service or administration to guard the production of charcoal: “If I had a chip in every tree and a computer 
program here in the office, I could follow and control the flows of trees” (Marafa Government Officer 2011). 
Kinyanjui (1987: 21) states that about 60 percent of the trucks surveyed in his study in 1985 were involved full-
time  in  transporting  charcoal.  A  truck  driver  is  also  sometimes  the  dealer  or  an  investor  in  the  charcoal  
transported. An attractive aspect of income from combined transport and trade is that income is virtually 
guaranteed (Kinyanjui 1987: 23). Usually, the owner of the truck hires the driver, gives him a specific amount of 
money for fuel, licences and vehicle maintenance, then waits in Nairobi (in the case of Dakatcha Woodland, 
Malindi or Mombasa) for the repayment of his capital plus a predetermined profit two or three days later. In the 
case of Nairobi, the transportation of charcoal to consumers, after being dropped by long-haulers, is carried out 
by pushcarts - mkokoteni - and bicycles. Bicycles owned usually by wholesale charcoal-sellers, transport charcoal 
to restaurants, public institutions and fairly well-off households. Provision of door-to-door delivery service is 
one of the ways sellers compete with each other (Kinyanjui 1987: 21). 
The small-scale, open-air, owner-operated wholesaling and retailing in Kenya's urban centres perhaps account 
for the largest number of full-time jobs in the entire charcoal industry. In Nairobi, like in Malindi or Mombasa, 
charcoal-selling enterprises are sited on public land, usually on road or street reserves, within residential areas 
of  the  city.  Two  levels  of  operation  are  identifiable:  wholesalers  who  sell  only  whole  bags  of  charcoal,  and  
retailers who sell whole bags but commonly sell in smaller quantities measured in tins and other containers 
(Kinyanjui 1987: 22). 
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4.5.1 Sustainable woodfuels? 
 
Amous (1999: 13) argues that woodfuels are likely to remain major energy source and a 
determining environmental and development issue in Africa in the mid- and long term future. 
Thus, any biomass harvested to make household fuels should be done on a renewable basis to 
ease pressure on forests and other ecosystems (Goldemberg 2000: 101). According to FAO 
(2010a: 11), woodfuel production and harvesting should be included in the sustainable forest 
management. FAO (2010a: 21-24) notices that major international agreements, such as UN 
Forest  Principles,  Agenda  21,  and  The  Convention  on  Biological  Diversity,  govern  energy,  
trade and the environment, but there is no multilateral agreement that focuses on woodfuels. 
Existing policies that usually appear under other headings (eg. forests, energy, land tenure and 
trade),  institutions  and  rules  are  often  informal  and  embodied  in  rural  community  rules  and  
customs. The international frameworks and agreements state, however, that the use of 
woodfuels should be sustainable (ibid.).  
Governments take regulatory, information- and economic-based, or enforcement approaches, 
or a combination of these, to influence the use of woodfuels (FAO 2010a: 26). They may also 
regulate the processing of woodfuels, such as the place and manner of charcoal production. In 
Kenya, the Forests Act from 2005 lists fuelwood and charcoal as ‘forest produce’ and makes 
it illegal to harvest forest produce from a state forest, and also from own land if for 
commercial purposes, without a licence that must be obtained from KFS (GOK 2005: 45; 
GOK 2009: 760, 763). Licenced harvesting must not cause damage to the trees, soil or other 
forest resources (GOK 2009: 752). Endangeroud, threatened and protected plant species must 
not be used for charcoal production (GOK 2009: 765). Regardless the semi-illegal role of 
charcoal production, sustainable farm forestry for charcoal production and improved charcoal 
stoves are promoted in Kenya (Karekezi and Ranja 1997 in FAO 2010a: 73). Kenya’s 2009 
Forest (Harvesting) and Forest (Charcoal) Rules set a rule that a permit is required to transport 
charcoal (or any other forest product) on loads exceeding five bags (GOK 2009: 761; FAO 
2010a: 26; Ruwa 2010). Furthermore, charcoal producers should form producer associations 
to be viable (ibid. 2009: 760). On the other hand, governments can also promote the woodfuel 
sector through direct investment in the production of woodfuels on public lands; construction 
of electricity-generation facilities that use woodfuels; provision of goods and services to 
private producers of woodfuels; tax-based incentives for woodfuels, but most importantly, 
governments can recognize or assign property rights over a woodfuel resource, including to 
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communities, with the aim of stimulating greater productivity and higher standards of 
management and, also, bringing the resource under tighter control (FAO 2010a: 26-27). 
 
Open access to the woodfuel can lead to unregulated cutting and resource depledation, in a 
same way as charcoal production can degrade or exhaust the supply of certain species (FAO 
2010b: 2). On the other hand, restricted or inequitable access and over-regulation can lead to 
illegal cutting. In many cases forests are controlled by state leaving little or no legal access for 
fuelwood collection and/or charcoal production. In other cases the resource may be nominally 
under state ownership, but control may reside with local public authorities that may be 
vulnerable to influence by wealthy elites and may not distribute access rights equitably (FAO 
2010a: 32-33). How the forest area is maintained and made accessible to the poor directly 
affects their well being and livelihoods (FAO 2006: 29). Poor forest management often results 
in widespread illegal forestry operations and it frequently prevents assessment of the full 
economic and social potential of forestry and of wood energy production (FAO 2010a: 41). 
The informal and unregulated nature of woodfuel harvesting, transport and commerce actually 
makes the participation of poor to this sector easier, but as in general in informal sector, rural 
workers are often poorly remunated (FAO 2006: 29, FAO2010a: 33). Official data on the 
magnitude and the extent of employment related to woodfuels are poor as major part of the 
woodfuel trade occurs at a small scale in the informal sector (FAO 2010a: 33).  
 
Sound policies and strategies are vital to ensure that charcoal production is not only 
environmentally sustainable but also increases its role as an agent of sustainable rural 
development: woodfuel production should help to create, maintain and expand sustainable 
livelihood for the poor (FAO 2010a: 33, 75). Kituyi (2004) used Life Cycle Management 
(LCM) in his study in Kenya and found out that applying LCM in the charcoal trade can 
deliver  social,  economic  and  environmental  benefits  to  communities  (see  Box 5).  LCM is  a  
concept that identifies various opportunities for technological intervention for energy and 
environmental conservation and reduction of material and energy losses, identifying also 
opportunities for income generation at various stages of the product’s life cycle: a critical 
aspect in poverty reduction in developing countries (Kituyi 2004: 1047). Increased production 
of raw materials from existing woodlots and newly created sources of supply is important 
(Kinyanjui 1987: 29). Multi-purpose production systems, such as agroforestry, can generate 
multiple benefits for poor rural communities (FAO 2010a: 34). Sustained charcoal production, 
like crop production, is a land-use activity that must be included in all district or regional 
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land-use development plans (Kinyanjui 1987: 29). For this, gazettement of the area, which is a 
prerequisite for the legal protection status, is needed (Ruwa 2011). 
  
Dissemination of improved charcoal techniques to the informal sector has, however, proved 
difficult. The semi-illegal and part-time nature of charcoal production makes few charcoal-
makers willing to invest in improved charcoal kilns because of the risk of punitive official 
measures and taxes (FAO 2010b: 39). Although the charcoal business would not function 
without demand (consumer) and intermediants (transporter and trader), the charcoal-maker is 
considered as the agent of environmental degradation (Kinyanjui 1987: 18). He is the one to 
bare the highly negative social and political attitudes that may pose a constraint to the efforts 
to improve the production technology and conditions and thus to the sustainable development 
and growth of the industry (Kinyanjui 1987: 22-23). Improved efficiency in charcoal 
production would offer local benefits by improving the delivery of energy services, reducing 
impacts on health and the environment, and saving money. A wide range of technologies are 
available for charcoal production – from simple earth kilns to complex, large-capacity 
charcoal retorts (FAO 2010b: 36-37). Trained personnel are required for the development of 
efficient production and conservation technologies (Kinyanjui 1987: 28). 
Anderson et al. (1999) and Rogner (2000) discuss the possibilities to promote sustainable 
energy production via biofuel plantations. Anderson et al. (1999: 80), argue that energy 
cropping is necessary to prevent undue stress on the environment.  Energy crops are generally 
more environmentally acceptable than intensive agriculture because of lower chemical inputs 
and less disturbance and compaction to the soil. According to Anderson et al. (1999: 73) 
Box 5. Life Cycle Management 
In his study of Life Cycle Management in charcoal trade, Kituyi took in consideration all the phases from 
wood production to waste management (Kityui 2004: 1049-50). Sustainable charcoal production and 
utilization  can  be  done  in  six  phases,  according  to  Kityui  (2004:  1052).  Extraction  of  fuelwood  can  be  
sustainable with suitable production methods like agroforestry. Harvesting must be done with proper tools 
and techniques to make it sustainable. Wood processing requires improved wood pyrolysis in proper 
efficient kilns to be sustainable. Packaging and transport also contribute to the sustainability of charcoal 
production: from the material of the bags used to the condition of the roads and vehicles utilized. The use 
of charcoal contributes largely to the sustainability of the charcoal process: improved KCJ stoves bring 
more efficiency in the chain. Lastly, proper use of ash as a mineral supplement in farming, for instance, 
makes the chain more sustainable. All these changes are easier to bring about if liberal policy settings 
towards charcoal production and transportation are in place. This is because legalized environment open 
avenues for capacity building of enterprises and persons in technologies including agroforestry and 
sustainable fuelwood production, charcoal kiln design and maintenance and business skills (ibid. 2004: 
1054). Functional land tenure policy is also needed, because there is little incentive for commercial tree 
growing for charcoal as most charcoal wood is obtained free of charge. 
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large-scale production of biomass can be environmentally sustainable if the rate of extraction 
is controlled; the wood resource is replaced and regenerated; and plantations of suitable trees 
are utilized. Planned commercial growing of trees for charcoal and fuelwood production can 
supply the much demanded biomass energy, create employment, and provide additional 
ecosystem services (Mugo & Gathui 2010: 12). The writers estimate (2010: 13) that about 
298,000 ha of fast maturing tree species would be required every year to meet the annual 
demand of about 2.4 million tones of charcoal in Kenya. However, biofuels pose a threat to 
the ecosystems, unless the fuel supply is sustainably produced. Anderson et al. (1999: 41), 
Rogner (2000: 162) and FAO (2010a: 15) list risks related to biofuel production and use: the 
loss of productivity and soil fertility and the use of compensatory forest fertilization; physical 
soil  damage  and  loss  of  water  quality;  and  the  loss  of  biodiversity  and  other  environmental  
values due to the conversion of forests to fuelwood plantations. In contrast, if the biomass 
plantations are cultivated on unused of degraded agricultural land the erosion and nutrient 
leaching can be decreased (FAO 2010a: 15). The local environmental conditions and cultural 
aspects must be taken in consideration when planning biomass plantations. Areas for native 
plants and species must be left aside to avoid problems associated with monocultures, and soil 
nutrients need to be replaced, from sewage waste, for instance. The presence of natural 
predators (insects) can prevent the outbreak of pests and diseases (Rogner 2000: 162). In the 
end, Anderson et al. (1999: 80) claim, that much of the biomass requirement for energy 
production could actually be met utilizing the residues from the food industry, agriculture and 
commercial activity. 
The efficiency of household energy consumption needs to be improved, too (FAO 2010b: 39). 
Improved  stoves  can  act  as  agents  of  change:  they  decrease  the  pressure  on  forests  and  the  
workload of women in collecting firewood due to decreased need of woodfuel, and improve 
the environment within houses, due to decreased smoke (White & Mustalahti 2005: 83). 
Promoting better stoves and switching to modern fuels would greatly reduce the loss of 
energy, too (Eberhard 2000: 198). An improved woodstove program by Intermediate 
Technology Development Group (ITDG) in Western Kenya estimated firewood savings to be 
30 percent when using their Upesi stove compared to the traditional three-stone fire. 
Household (a rural family of six persons) savings on firewood were calculated to be 
approximately 2.7 kilograms daily with a consumption of 1.5 kilograms per head per day 
(Anderson et al. 1999: 139). ITDG offered training for women potters in order to make the 
production sustainable and beneficial to the local community (Anderson et al. 1999: 134). The 
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Household Energy Network (HEDON) states as high as 70 percent reduction on fuelwood 
need through the use of efficient woodburners (Eliasch 2008: 68).  
 
The most succesful urban cookstove project in Africa is the Kenya Ceramic Jiko (KCJ), 
which is an improved charcoal-burning stove produced by large number of small producers 
since 1982. Compared to an average of 12 to 18 percent energy eddiciency, for KCJ it is about 
30 percent (Anderson et al. 1999: 74, Eberhard 2000: 198). Since mid 1980’s more than 
500,000 of jiko stoves with metal cladding and fired clay liner components have been 
produced and distributed in Kenya. The initial heavy promotion by the NGO KENGO and by 
the Kenyan Ministry of Energy lead in success-story with estimations of 16.8 percent of all 
households’ distribution and 56 percent of all urban households in the country, according to 
Anderson et al. (1999: 74). Eberhard (2000: 198), however, claims that the success is because 
the stove initiative did not receive subsidies in the beginning which encouraged entrepreneurs 
to invest their capital and work hard to recover their investment. Furthermore, it helped ensure 
self-sustained production, marketing and commercialization of the charcoal stoves, also 
enhancing the competition between producers which also brought down the market price to a 
more realistic and affordable level for Kenyan low-income urban households. The stove 
design has been successfully replicated in various African countries. 
 
Large-scale dissemination of improved stoves requires public-sector investment in building 
capacity, raising awareness and developing technology. Subsidies might also be needed to 
allow  the  cost  of  the  stoves  to  be  in  reach  of  poorest  users.  Improved  cooking  stove  
programmes  tend  to  fail  in  regions  where  poor  families  build  their  own  stoves  and  collect  
their fuels free of charge and a great deal of effort is often needed to convince users that better 
options that traditional cooking stoves exist which makes systematic and sustained campaign 
for creating awareness about the cleaner options vital (FAO 2010b: 71). The use of improved 
jiko has not diffused greatly despite the nearly nationwide coverage on jiko initiative: in the 
Coast region the utilization rate is 6.0 percent; in Urban Kenya 14.3 percent and in Rural 
Kenya only 3.9 percent, where as in Malindi District the utilization rate is 1.6 percent. In 
Rural Kenya 10.9 percent of the households use improved traditional stone fire, but in 
Malindi area the utilization rate of this type of device is zero (KNBS 2007: 230). Improved 
stoves must meet the needs and preferences of users as a stove is not merely an appliance for 
heating food, but it often acts as social focus, means of lighting and space heating. Cooking 
habits as well as the lifestyle of users need to be taken in consideration when new improved 
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stoves are designed. Ugali is the staple food in Dakatcha Woodland as elsewhere in Kenya, 
and it requires large pots and vigorous stirring which makes some light charcoal stoves 
inappropriate (Anderson et al. 1999: 70-71). The less time women need to use for fuelwood 
collection, the more time they have for other productive activities and paid labour – women 
are the approvers or disapprovers of new improved stoves (FAO 2010b: 71).  
4.5.2 Alternative energy sources 
Better energy services are necessary for improved standard of living; they facilitate 
development and reduce environmental impact. Making traditional use patterns more efficient 
and bringing new and renewable energy resources into play are needed to make the change. 
Developing areas of the world have the right to economic development, eradication of poverty 
and increased energy consumption (Hoyestad et al 2009: 2). However, sustainable future can 
only be brought about by sustainable methods, like “leapfrogging”, or “climbing the energy 
ladder”, that are terms used to describe the possibility for developing countries to bypass 
inefficient, polluting, and ultimately costly phases of development by jumping straight 
towards sustainable human development and better quality of life. This demands effective 
strategies to address the energy need of rural populations (Goldemberg 2000: 21-22). The 
change requires both will and participation from the local’s side, but even more subsidies 
from the governmental side (ibid.). Electricity should be sufficiently affordable also to 
support industrial activity in rural areas in order to provide employment there and prevent 
urban migration (Goldemberg 2000: 22). Affordable commercial energy lessens the arduous 
and time-consuming physical labour at home and at work (Goldemberg 2000: 9).  
 
According to Hakkarainen and Wilska (2007: 86) the locally generated energy is an option for 
strengthening local economies and promoting sustainable livelihoods, presuming that the 
production is sustainable. Ecologically sound options, such as solar energy, can support the 
self-sufficiency and thus reduce communities’ vulnerability to outside influences, such as fuel 
price increase (Hakkarainen & Wilska 2007: 86). Use of solar energy can be assisted by 
promoting an awareness of energy efficiency coupled with support to implementing services 
based on renewable energy instead of fossil fuels (Hoyestad et al 2009: 2). According to the 
writers (ibid. 2009: 9) it is far easier to double the efficiency of the energy use that to double 
the energy production. Increasing efficiency would also be the cheapest and the most effective 
way to reduce GHG emissions. Basically, doubled efficiency would enable developing 
countries to half their energy consumption and still get the same energy services, or keep the 
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same energy consumption and double the energy services. Solar energy has potential, 
especially in the Sub-Saharan Africa, for geographic, climatic, and land availability reasons 
(Rogner 2000: 163). Solar photovoltaic energy that converts sunlight directly to electricity, 
could be used in remote areas cost-effectively for water pumping, lighting, vaccine 
refrigeration, telecommunications and many other applications at the smallest scales, however, 
provided that the production costs and conversion efficiency are suitable and the product 
economically feasible (Anderson et al. 1999: 95-96; Goldemberg 2000: 376). Kenya has the 
world’s highest penetration rate of household photovoltaic systems, with more than 80,000 
systems in place and annual sales of 20,000 systems (Goldemberg 2000: 376). 
 
Liquid kerosene can also be efficient, easily controlled and convenient source of energy; and 
preventive of illnesses related to a smoky environment providing it is used in an appropriately 
designed stove. However, kerosene stoves give off an unpleasant smell and can be dangerous 
when handled improperly (Anderson et al. 1999: 58). Urban population are generally hit 
worse for increased prices of kerosene as rural population may switch back to fuelwood and 
charcoal (Hakkarainen & Wilska 2007: 67). However, in the context of transportation, the 
negative impacts are more severe for the rural poor as their travels are usually longer and they 
have less variability in forms of transportation (ibid.). During the first half of 2011 Kenya 
witnessed an increase in prices of all energy sources due to galloping inflation: 6.5 percent in 
February; 9.1 percent in March; and 12 percent in April 2011 (Daily Nation 2011: 23). Bad 
management and corruption have also contributed to the fuel price increases. In the beginning 
of May 2011 a short fuel shortage was experienced in most fuel stations. The Sunday Nation 
editorial wrote on May 8th (Daily Nation 2011: 14) that oil operators accused the government 
over its handling of the energy sector ranging from taxation to storage and price regulation 
where as the government blaimed the oil companies of cartel behaviour and insisted that there 
were millions of liters of petrol at the Kenya Pipeline tanks that the operators were not lifting. 
The government reacted by removing all taxes and leavies on kerosene to reduce cost of 
lighting and cooking energy (Daily Nation 2011:1). The price of  kerosene had been 
increasing fourfold during the previous nine years, despite government subsidies, according to 
the Housing Minister Soita Shitanda (The Standard 2011: 6). The price per liter was KSh100 
in May 2011.  
 
Other potential alternative energy sources include biogas. It can be produced from waste 
streams, such as paper and sugar production, sewage and animal waste in a process where the 
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waste streams are slurried together in specially designed digesters (El Bassam 1998 in 
Hakkarainen & Wilska 2007: 86). The residual slurry can be used as a fertilizer as the bacteria 
in the manure is dead after the process (Anderson et al. 1999: 75-76).  
 
Solar thermal energy is another option for space heating and cooling, water heating, crop 
drying and solar cooking. For water heating, simplest is a piece of black plastic pipe, filled 
with water, and laid in the sun for the water to heat up. The basic idea behind solar cooking is 
a box with a glass cover. The box is lined with insulation, and a reflective surface is applied to 
concentrate  the  heat  onto  the  pots  which  can  be  painted  black  to  help  with  heat  absorption  
(Anderson et al. 1999: 105-107). Energy consumption can be further reduced using food 
warmers, devices that are used without a source of energy for continuing cooking and keeping 
the food warm (Ngari 2011). Integrated Food Security Program (IFSP) has created a food 
warmer of insulating banana leaves and cloth to which the pot is wrapped before it is put in a 
basket. For example, overnight soaked beans are cooked for 15 minutes and put in a pot to the 
food warmer for 3 hours to be ready. For rice, the procedure is much faster: two minutes of 
cooking  before  setting  the  pot  to  the  food  warmer  for  another  30  minutes  to  be  ready.  The  
food warmer thus saves both firewood and gives time for other tasks as the pot can be left to 
cook on its own (IFSP 2004). What opposes the development and larger delivery of these 
energy saving cookers, is lack of government seriousness related to the sustainable energy 
discussion (Ngari 2011). The acceptability seems to present another significant hindrance to 
the use: despite various attempts to introduce solar cookers in Kenya, 90 percent of people 
interviewed in a review study found that the solar cookers are too slow and 54 percent said 
that the cookers could not cook their preferred dishes or enough for all the family. 
Furthermore, although no fuel costs are involved, the cooker is seen as a very expensive item 
by over half of the respondents, especially because the use is restricted to day time (Anderson 
et al. 1999: 105-107, 109). However, the cost should not present a problem when using home-
found materials  like  in  the  IFSP food  warmer.  If  the  solar  cookers  are  to  be  used  widely,  a  
sensitive way of promoting them is required and socio-economic factors must be taken in 
consideration besides the technical features related to decrease the cooking time, for instance.  
 
 
 
 
 
 
78 
 
5. RESULTS 
 
Results from the questionnaires and interviews present the characteristics of local households 
and livelihoods, and especially the significance of charcoal to them, which is needed to 
untangle the first research objective: What are the local livelihoods and what is the 
significance of charcoal production in them and what kind of influence it, and by large, the 
local energy consumption bare to the environment and land cover? Results from the RS and 
GIS data analysis provide information for the second objective, to analyze the land cover 
elements and change in them, and the reasons behind the change. Also the third research 
objective, to explore the alternatives to promote sustainable development, livelihoods and 
ecosystem services in the area, is contributed to as the results explore the household 
awareness of excessive forest use and opinion about conservation.  
5.1 Socio-economic data from questionnaires and interviews 
 
Results from the questionnaires and interviews are presented next in seven chapters: General 
household data; Importance of charcoal to household income; Forest resource utilization and 
charcoal production; Charcoal network in Dakatcha Woodland – from producer to the 
consumer; Energy consumption in households; New challenge within the woodlands: 
Jatropha curcas; and Household awareness of excessive forest use and opinions about the 
land use and conservation. 
5.1.1 General household data 
 
The results of the household questionnaires reveal that the average household size in the 
questioned 89 households was 8.7 while in three households there were only one member in 
each and largest household included 30 members. The level of education of 748 household 
members out of total of 776 people assessed was know (Figure 10). Only two households had 
members who had reached college level: five persons of which one household head. Four 
household heads and other 33 persons in 25 households had reached secondary education 
where as three households had a member that was a secondary drop-out.  273 persons, of 
which 17 were household heads, in 64 households had reached the primary level. In 59 
households one at least one had drop from primary level totaling to 101 people, including 
seven household heads. 124 persons in 69 households had been or currently were in nursery 
and 106 children in 49 households were under school age. 20 persons, including one 
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household head, in 18 households were adult literate. 79 persons in 45 households, including 
one household head, were illiterate, which is 10.6 percent of the assessed persons. 
 
Figure 10. Education level of assessed household members in Dakatcha Woodland. 
 
Housing types and conditions were observed by the research assistants. The type was 
determined according to the type of house in best condition if there were many houses in the 
compound. 34 percent of the households (30 households) live either in houses with mud or 
makuti (palm leaf) wall and old makuti roof that are in bad condition and 33 percent in houses 
with mud wall and makuti roof (a total of 29 households). 18 percent of the households live in 
houses with mud wall and mabati (corrugated iron) roof where as 11 percent live in houses 
with mud wall and makuti or grass roof (Figure 11).  
 
 
Figure 11. Housing types in Dakatcha Woodland. 
 
The households are situated in average 1,740 meters away from the nearest water source. Of 
the 87 households that provided information on this topic, 23 are using the Tsokonde dam; 
four the Kabete dam; 12 Mikenge dam; 12 Kwa tsuwi dam; four use Kikole dam; one 
household uses Kwa kikoio dam; 20 use tap, one well and another one river. More than a third 
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of the households are situated 1,000 to 1,999 meters from water source and a fifth 500 to 999 
meters away from it. 11 households need to fetch their water from as far as 5,000 to 6,000 
meters from home (Figure 12). 
 
Figure 12. Distance in meters from the households to the nearest water source. 
 
One third of the population in Malindi area access water within public water collection points 
(KNBS 2007: 210). Coastal Water Services Board (CWSB) supply four water taps 
surrounding the Baricho and Dodosa villages and nearby to River Sabaki respectively (A 
Rocha Kenya 2009b: 1-2). In April 2011 a trench had been dug for water pipe that would 
connect Mulunguni to the main pipeline between Marafa and Dakatcha. Another pipe had 
recently been dug from Marafa towards north. The water is pumped from bore holes and 
transported via pipes to water collection points. A local pastor communicated in April 2011 
that local women usually take turns in guarding the taps and in collecting a fee of 3 shillings 
per 20 liter jerry can from users for the maintenance and diesel costs to pump the water from 
the bore holes. In the water collection point in the southern part of the Marafa town, the 
women take turns of three months in this duty. World Vision, that has an office in Marafa is 
the main actor in the water services in the area, but Action Aid is also active (personal 
communication with the pastor on April 24, 2011). No government or Community 
Development  Fund  (CDF)  money  has  been  used  for  the  pipe  project  according  to  local  
informants that claim that the primary needs are often neglected and secondary ones driven 
instead.  
The average distance to forest edge was 2,650 meters according to questionnaire results. This 
is in line with a peer study that states a distance of 2.9 kilometers from forest edge (Nature 
Kenya 2010a). From Figure 13 one can observe that 15 households are situated in vicinity of 
less than 250 meters from the forest edge and 22 households are more than 4 kilometers away 
from it. 
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Figure 13.Distance in meters from the households to the forest edge.  
 
Only one of the assessed households had title deed for their land although more than half of 
the households (43) stated to own their land individually. 24 households had their land on 
community land and 17 on customary tenure. Nature Kenya (2010a) found an average 
household land usage to be 9.4 acres in Dakatcha Woodland. According to the questionnaire 
results, however, the households were using 14.3 acres in average per household. In average, 
4.2 acres was used for the homestead compound; 8.5 for crops; and 3.4 for grazing land.  The 
average usage of woodlot extended to 7.4 acres. Of the 86 households that gave information 
on this topic, 83 were using cropland; 12 grazing land; and 22 woodlot.  
5.1.2 Importance of charcoal to household income 
For 40.5 percent, 36 households, farming was the only livelihood. Farming and charcoal 
production was the livelihood of 29 households (32.6 percent), and to another 13 households 
charcoal production was supplemental to other livelihoods such as small business and salaried 
employment. In total, 45 households named charcoal burning as a livelihood. Thus 50.6 
percent of the households are involved in the charcoal production. This is higher figure than 
the result, 39.6 percent, from a previous study by Nature Kenya (Nature Kenya 2010a). Small 
business was named as a main livelihood by six households and salaried employment by three 
where as tourism was mentioned only by one household.  
Figure 14 reveals the income sources for the assessed households. Sale of farm products gives 
income to 71 households contributing with 37 percent to the total household income. 52 
households get income from sale of forest products (which includes charcoal production), 
contributing with 27 percent to the total household income. Casual work gives income to 45 
households and contributes 23 percent to the local income. 9 households name remittances as 
an income source, 5 households get income from salary work and 5 households from 
82 
 
kiosk/other business. 7 households have other means of income, for instance, community 
groups that provide social function but also  income generating activities. 56 households state 
that one or more of their household members was part of one or more community groups. The 
issues dealt with in the groups include: welfare (7 groups); conservation (3); small-scale 
business (2); self-help (5); development (3); merry-go-round (2); education (2); problem 
solving and community unity; culture (3); women (4); youth; HIV/AIDS awareness (2); 
orphans; health; human rights and police guard.  
 
Figure 14. Household income sources in Dakatcha Woodland. 
 
All but four households named more than one income source, which indicates that households 
are not dependent on only one income source. From the figure 15 it is possible to see the sale 
of farm products gives more than half of household income to 51 households which make 
nearly 60 percent of the households. The sale of forest products gives more than half of 
household  income  to  21  households  (24  percent  of  the  households)  whereas  casual  work  is  
mentioned by 7 households (8 percent) and the other income sources by two households. 
Remittances give more than half of household income to one household; Salary to three 
households and Kiosk/other business to two households. By comparing the Figures 14 and 15, 
one notices that sale of farm products is very significant single source of income; the sale of 
forest products is significant too; and casual work brings income to many households (45), 
but only to seven households more than half of income is generated through it. 
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Figure 15. Income significance to household income: types of income with >50% contribution to 
household income (number of households and percentage of households). 
 
The sale of farm products contributes to household income, but according to the questionnare 
results only mangoes and cashews were cultivated more for selling than for home 
consumption (Figure 16), altough these plants are not as common in Dakatcha Woodland as 
in areas closer to Sabaki Village. According to field data, the household gets only KSh20-30 
per a kilo of un-processed cashew nuts. In the biggest Kenyan grocery store chain, Nakumat, 
a kilo of roasted and salted cashew nuts costs about Ksh700-800 where as in a supermarket in 
Watamu a bag of 250 grams was KSh240 in October 2010. In Finland, one kilo of similar 
cashew nuts is EUR15 to 20 (KSh1500-2000). All  of  the  89  assessed  households  cultivated  
maize for household use but only three of them for selling. 69 households cultivated kunde, 
mchicha or sukumawiki (types of spinach) (30 of them also for selling).  
 
Figure 16. Crops cultivated for sale and consumption by the households interviewed. 
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The households are experiencing problems in agriculture (Figure 17). Unreliable rainfall is 
mentioned by 79 households and 59 of them put it as the most important; pests and diseases is 
the second gravest problem with 81 mentions and 19 first places; wild animals cause the third 
most problems (47 household mentions and 5 first places). Insufficient financial resources is 
mentioned by 16 households and unstable crop yields by 14; unreliable markets and lack of 
proper seeds by 9 households each. Other problems include: poor soil quality; serious 
environmental degradation and other (hunger, insects like termites, lack of agricultural 
knowledge, thefts, livestock destroyed crops, land conflict with neighbours). 
 
Figure 17. Problems experienced in agriculture by households. 
Problems in agriculture surely increase the need for other income sources like charcoal 
production. Figure 18 reveals the percentuage of charcoal production to the household total 
income. 24 percent of the households get 40 to 49 percent of their income from charcoal 
production. 22 percent get 30 to 39 percent of their income from it. 16 percent get 50 to 59 
percent; and 14 percent of the households get 20 to 29 percent. 34.8 percent of the households 
thus receive half or more of their income from charcoal production.  
 
Figure 18. Household income from charcoal production (% of the total income) (Nature Kenya 2010a). 
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The figures mean that as the average annual household income in the area is approximately 
KSh80,000 (Nature Kenya 2010a), more than a third of the households in the area gain 
Kshs40,000 or more yearly from charcoal production. 
 
5.1.3 Forest resource utilization and charcoal production 
Forests provide multitude ESs, resource services include different species of plants and 
animals that reside in forests. Households have extensive knowledge on the plant and animal 
species that are found in the area. 74 households out of 87 that provided information on forest 
related animal species named species that provide food for the households (e.g. dikdik, pigs, 
antilopes, birds, guinea fowls) which relates to the high levels of bushmeat consumption. 
However, only nine households mentioned bushmeat as a forest resource they were using. 62 
households named species that destroy crops (e.g. pigs, dikdik, birds, buffalo). 19 households 
named species that can provide income to the households (e.g. bees, pigs, dikdik). 17 
households named species that bite or sting and cause harm to domestic animals (e.g. snakes 
and bees). 16 households named bees and/or butterflies as aid in pollination. Nine households 
named species that help them in detecting seasons (e.g. birds and butterflies). Only a few 
households named species (birds and butterflies) that would aid in attracting tourists which 
tells about the lack of environmental education related to the income generating activities, like 
eco-tourism.  Safari  ants  were  seen  as  helpful  in  killing  rats  in  houses,  but  also  harmfull  as  
they annoy people.  
60 households obtain building material like timber, poles, material for ropes and grass from 
the forest. Nearly a half knew species that are used for making furniture. One third of the 
households named species with other uses, like for animal fodder; and almost one third knew 
species that are used for making baskets or mats or ropes. 72 households named species used 
for collecting poles/timber (81.8 percent of the households) (Figure 19). More than half of the 
households named species that are used for medicinal use, but only 16 households collect 
medicinal  plants  from  the  forest.  One  household  was  using  forest  for  maize  cultivating  and  
collecting wild fruits, but 71 households knew species that provide wild fruits (80.7 percent). 
30 households get water from forest for cooking, drinking, laundry and for livestock. One 
household mentioned the spiritual value of Kaya Singwaya forest.  
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Figure 19. Household tree species awareness: the percentage of households that named species for 
different uses. 
 
Households named more than 40 tree species that are used for firewood and charcoal: 82 
households of 88 responding ones (93.2 percent) named specie(s) that are used for firewood 
and 62 households (70.5 percent) named species used for making charcoal (Figure 19). Most 
commonly named tree species were: Mkami (43 mentions); Mrihi (41 mentions); Mkulu (37); 
Mnago (18); Mkone (17); Mtiri (16); Mkuha (15); Mkilifi (12); Muthoro (12); Mfunda (10) 
and Mchirongombe (9) (see Appendix 3 for Latin names). 87 households obtain in average 
41.9 head loads of firewood per month each from the forest (in total 3603 head loads per 
month). A study by Nature Kenya (2010a) found that the households obtain in average 13.7 
head loads of firewood per week where as the household consumption was 9.9 head loads per 
week.  Majority  of  the  households  assessed  in  this  study,  however,  told  that  they  obtain  
firewood only for their own use. 54 households produce charcoal in the forest: in average 38.1 
sacks (approximately 25 kilograms of charcoal in each) per month each and 2058 sacks per 
month in total.  
Figure 20 reveal that the distance from the forest edge does not really influence the amount of 
charcoal sacks produced by household, although it seems that the linear line is slightly 
ascendant. In the case of firewood the linear line is decreasing and there is much more variety 
in the amounts of fierwood collected: it seems that the closer to the forest edge the household 
is the bigger amount of firewood obtained from the forest per month is (Figure 21).  
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Figure 20. Correlation between charcoal sack production quantity and distance from forest edge. 
 
 
Figure 21. Correlation between firewood headloads produced and distance from forest edge. 
 
It  would  be  easy  to  assume  that  households  living  further  away  from  forest  edge  use  more  
charcoal in household cooking, and those living closer by prefer firewood as it does not 
require preparation in the same way as charcoal needs. In addition, charcoal is lighter in 
weight than firewood which could be another reason to be opt over firewood by those living 
further away from the resource. However, only four households out of 54 that produce 
charcoal said that they are producing it also for household use, and all of those four 
households live relatively close, 0 to 1500 meters to the forest edge. 
When the number of firewood headloads produced per month is compared with the household 
member figure it can be seen that the trend is ascendant. It is logical that the bigger the 
number of people in the household the more firewood they are obtaining from the forest 
(Figure 22). However, the case is opposite in the case of charcoal. It seems that the bigger the 
number of household members the less charcoal is produced (Figure 23). One need to take in 
consideration that there are two households with 6 members that produce as much as 100 and 
250 sacks monthly which has an influence on the inclination of the line.  
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Figure 22. Correlation between firewood headloads produced and household member figure. 
 
 
Figure 23. Correlation between charcoal sack production and household member figure. 
 
Of the 55 households that provided information on the charcoal production site 16 produce 
the charcoal in community land; 25 on own land; 11 on customary land; and two households 
in other land (one on other peoples’ shamba (field)  and  the  other  on  reserve  land).  In  a  
Brachystegia forest  on  the  eastern  side  of  the  Marafa  town one  charcoal  maker  told  us  that  
people were increasing the area of their fields for cassava by slash & burn and producing 
charcoal for selling from the cut trees (personal communication April 24, 2011).  
Of the 51 households that provided information regarding the specific charcoal producer in 
the household in 15 cases it was the head of the household; in 14 cases the wife was named as 
the  producer  (in  8  cases  together  with  husband or  son);  in  12  cases  it  was  the  husband;   in  
nine cases the producer was said to be the family and in five cases the father. 27.5 percent of 
charcoal was produced by women (and 41.5 percent partly by women if the nine cases were 
the family together was producing the charcoal are taken in to account). These results reveal 
that the charcoal production is not solely a male business – field observations support this, too.  
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It is not only the local who are utilizing the forest resources of Dakatcha Woodland. 74 of 86 
respondent households said there are outsiders using the forest resources in the area. Nine 
households didn’t know and only two households said there are no outsiders. Table 7 reveals 
the results: 62 of 76 respondent households said the outsiders are producing charcoal in the 
forest; only one households mentioned firewood extraction; 14 said hunting; 13 said outsiders 
were looking for land for settlement; 11 households mentioned timber; 10 households 
mentioned building materials; eight said they were after farming land; and five households 
mentioned the jatropha project. 
Table 7. Type of outsiders' forest use (no of mentions). 
charcoal burning  62 jatropha project 5 
hunting 14 pasture 3 
land for settlement 13 wood carving and handcraft 2 
timber 11 firewood 1 
building material (wood, poles etc) 10 buying land 1 
farming 8 water 1 
 
According to KFS District Officer, Kalana Ruwa, Dakatcha Woodland was first found by 
outsiders already more than 10 years ago, when the first tree carvers came in for Brachystegia 
species. Large scale charcoal production started in Dakatcha Woodland after charcoal 
producers from other areas came in after the intact forests. Before taking charcoal production 
as one of the livelihood income generating activities locals were mainly cultivating pineapples 
as a cash crop (Ruwa 2010). In 2005 the charcoal production was mainly taken care of by 
outsiders. The action happened both day and night, according to Mumbu (2010). Those 
outsiders had connections to the area through friends and relatives. Also the locals produced 
charcoal, but in a far minor extent. According to Ruwa (2010) charcoal production is not 
commonly the main income source in families, but after the outsiders have taught the 
producing techniques and being absent currently, some locals have taken charcoal production 
as the main livelihood. According to Mumbu, the field coordinating officer for Nature Kenya 
in Marafa (2010), in 2005 the outsiders were men, but among the locals there are also women 
who produce charcoal as already mentioned. Outsiders were working especially around 
Mulunguni, while for example in Garashi the locals were and are the main producers of 
charcoal, according to Ruwa (2010).  
In 2010 March and May a study by Nature Kenya found that the charcoal production has 
reduced by 60 percent from 2005. This is due to the eviction of outsiders (Mumbu 2010, 
Ruwa 2010). Nature Kenya has done advocacy work with the local population to enlighten 
90 
 
them about the environmental and other costs of charcoal production which made the local 
community to act against the outsiders. According to Mumbu (2010) the charcoal production 
by outsiders has not totally finished: he had been informed that in September 2010 that 
outsiders producing charcoal had been seen again in the area of Dakatcha Woodland. This is 
probably  due  to  fewer  advocacies  on  the  issue  by  Nature  Kenya  that  has  been  busy  on  the 
Jatropha advocating. Indeed, in April 2011, the locals state that there are outsiders, mainly 
from Bamba area, that work in groups of 5 to 6 people to produce charcoal for instance 
around Mulunguni. Some of the producers have brought their families too (personal 
communications on the field). The questionnaire results reveal in 66 cases of 77 answers, the 
outsiders were said to come from Bamba (area in about 80 kilometers southwest from 
Dakatcha Woodland); in 16 answers Kilifi was mentioned; 13 households named Langobaya; 
ten households Malindi; Dzikundze was mentioned by seven households; Mkondoni by six; 
Malanga and Silaloni by five each (Table 8). 
 Table 8. Origin of the outsiders (no of mentions). 
Bamba 66 Mkondoni 6 Chakama 2 
Kilifi 16 Malanga 5 Maryango 2 
Langobaya 13 Silaloni 5 Vithungeni 2 
Malindi 10 Italy 3 Maungu 1 
Dzikundze 7 Mwangea 3 Taita 1 
 
5.1.4 Charcoal network in Dakatcha Woodland – from producer to consumer 
According to my observations in October 2010 and April 2011 around Dakatcha Woodland, 
wood extracted for charcoal production (and for fuelwood) is from indigenous forests and 
woodlands, and the used kiln type is above-ground mound kiln as defined by FAO (2010b: 
13-14,) and Kinyanjui (1987: 20). The kilns are most often four to five meters in length, 1.2 
meters  in  width  and  0.6  to  0.8  meters  in  height.  Around this  size  of  a  kiln  there  are  usually  
two to four tree stumps, usually cut 0.5 to 0.7 meters above ground with an axe. The diameter 
of the stumps from that height is in average 0.25 to 0.30 meters. According to the estimations 
by the interviewed charcoal producers on the sites, one can produce about 20 sacks (á 25 
kilograms) from this size of a kiln. This means that the medium-size enterprises producing 10 
to 100 bags per kiln cycle, as defined by Kinyanjui (1987: 20), dominate. In April 2011 
several charcoal kilns, either in preparation or already harvested, were observed from the 
crossing south of Dakatcha Village towards Mulunguni. Locals said that a group of 5 to 6 
locals is needed to prepare the charcoal ready for the trucks to pick it up, either from the road 
side, production places or village collection points. However, in many occasions there where 
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only one or two persons around the charcoal kiln, and in many cases one of them was a 
woman. This supports the idea of charcoal as a ‘family’ business. 
In several charcoal production sites pieces of trunks were left on the ground un-burned or 
partially-burned, and quite an amount of smaller pieces of charcoal enough to fill up several 
smaller sacks could be found on the already harvested kilns. This is illustrated in Figure 24.  
 
Figure 24. Charcoal production site west from Marafa village in April, 2011. 
This demonstrated both the abundance of wood reserves – the producer does not need to save 
the  trees  and  use  the  material  as  economically  as  possible  –  but  also  lack  of  knowledge  in  
efficient and sustainable production methods. The trees could be cut from their stems with 
proper saws, the charcoal pieces could be pulverised and pressed into pellets if the knowledge 
of proper techniques and the means to produce were in place. The  Box  6  describes  the  
different production phases among the smale-scale producers.  
 
Box 6. Small-scale charcoal production process 
According to Gichera (2010) small-scale charcoal production process takes up to ten days. First three days 
are spend cutting the two to four trees needed for making the charcoal kiln. One day is spent arranging 
the cut logs in a manner so that the pile will be tight, and not much air is going through. Another day is 
used by piling soil and grass on top of the cut trees. On one side an opening is left, so that the wood pile 
can be lit  up in the evening. After the pile is  lit  the opening is covered with soil  and grass.  The wood pile 
needs four days to burn to charcoal, and it needs to be controlled so that there is no air going in to the 
pile. The two first nights are the most crucial. If the smoke coming out is light in colour, everything is ok. If 
the smoke is blue, too much air is going in, and the pile is burning in to ashes. One needs to fill the pile if it 
is about to collapse. After four days of burning, the soil is removed from top so that the charcoal can cool 
off. It can take three days, and it is very crucial to assure that the charcoal is totally cool before packaging. 
It can be assured by leaving the charcoal on cool soil and covering it with cool sand still before packaging. 
Gichera has seen charcoal bags lit in fire in trucks or behind bicycles.  
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Of the 53 households that were producing charcoal for selling, the majority, 37 households 
were selling the charcoal to local intermediates. This represents 70 percent or total of 1,390 
sacks sold by the households. 13 households were selling the charcoal to buyers from outside 
the area (in seven cases the buyer was from Mombasa and in six cases from Malindi). These 
buyers account for 26 percent of charcoal buyings (521 sacks per month) where as 4 percent 
(88 sacks) of the charcoal is directly sold by three households to locals. However, it must be 
noticed that among the local intermediates there may be outsiders – households may just not 
have mentioned or know the origin of the intermediate. The Box 7 presents local realities 
from the charcoal network. 
 
The average price a producer gets from one sack of 25 kilograms is KSh106.3 (app. €1) where 
as the most commonly received payment was KSh100 (42 of the 54 households stated that 
sum). The amount received varied from KSh80 (four households) to 350 (one household) per 
sack. It is possible that the one household stating to receive KSh350 per sack has mistaken on 
the size of the sack. The locals interviewed in Mulunguni claimed that they get KSh120 to 
150 per sack of charcoal which is a bit more than the average. In Wakala area, the producer 
gets KSh100 to 150 for the smaller sack and KSh400 to 550 for the larger sack that contains 
50 kilograms.  
As already mentioned, an average household produces 38.1 sacks of charcoal per month, 
summing up to 457.2 sacks per year. When this figure is multiplied by the average selling 
price per sack (KSh106.3) the result is KSh48,600.36. If one compares the average household 
yearly income, Kshs82,516 (Nature Kenya 2010a), the average income from charcoal indeed 
seems to contribute more than half of the household income in the area. Considering that in 
Box 7. Local charcoal realities 
A junction  four  kilometers  from Adu towards  coast  serves  as  a  charcoal  collection  and selling  point.  This  
point, among road-sides, is used by the canters and lorries to pick up charcoal according to a local shop 
keeper in Adu on September 28, 2010. A local cowboy told us on that the producers bring the charcoal to 
the collection point where after they are paid KSh150-250 per sack. Middle-men re-sell the charcoal to the 
canters with KSh50-100 profit  per sack. On October 8, we discussed with a local man in his 40’s that was 
transporting two sacks of charcoal on his bicycle close by Marafa town. He had bought the charcoal from a 
local  producer  paying  KSh100  per  sack.  The  charcoal  was  for  household  use,  it  would  last  for  about  a  
month. He told us that if the charcoal was not made from mrihi as  it  was,  one  sack  would  have  been  
enough as other tree species, such as mwanga and mgurure, are harder (or more dense) and provide 
better quality charcoal that burns slowlier (see Appendix 1 for Latin names). September 20, we came 
across a charcoal kiln in the woodlands where a family was making charcoal to cover medical expenses for 
their child who had fallen ill. Forest is a makeshift for a bad day, as it provides income in occasions when it 
is badly needed, but from where the poor families will obtain income when all the trees have been cut? 
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average two to four trees ? 0.15 (to 0.3) meters in DBH are needed to produce 20 smaller 
sacks of charcoal, and the average selling price of one of those sacks is KSh100, a couple of 
trees produce KSh2000. It can be thus said that the monetary value of one tree is about 
KSh500-1000. According to field measurements in predominately Brachystegia spiciformis 
plots of 30x30 meters, there are in average 12 to 14 trees ? 0.15 meters in DBH in a plot. 
Thus, from one such plot one can produce in average at least 60 sacks of charcoal with 
income of KSh6000. It is thus not hard to see why locals produce charcoal. In a study of 
commercial charcoal burning from 2005 by Mumbu and local groups in Dakatcha Woodland 
it was found that in average 1 (fullgrown) tree produces 15 bags of charcoal. There were in 
average 7 trucks per day with capacity of 120 bags transporting charcoal from Dakatcha 
Woodland. Provided that the trucks were full, that accounts to 840 exported sacks per day and 
306,600 per year, and to 56 indigenous trees felled per day and 20,440 per year (Mumbu 
2010). 
For transporting forest products, or any other forest resources from Dakatcha Woodland one 
needs a license from the KFS office in Arabuko-Sokoke Forest, Gede (Ruwa 2010). Ruwa 
was the officer in charge of admitting permits in October 2010. For Dakatcha Woodland, he 
estimated the amount of permits admitted for charcoal transportation being one per day in 
average in October 2010. The demand for permits had gone down since March 2010 when the 
peak day counted 80 canters! There are several reasons for lower amount of demand in 
October 2010 compared to March 2010. Main reason is that currently charcoal produced in 
Dakatcha Woodland is produced mainly by locals as in March 2010 it was still mainly 
produced by outsiders, professional charcoal producers (Ruwa 2010). The seasonal nature of 
charcoal production should also be taken in the account. When local farmers are harvesting 
maize they do not have time to produce charcoal which means less charcoal in the market and 
thus higher prices, but at the same time less transportation permits bought by transporters. 
Another influencing factor is the amount of food available for locals. If the farming has 
succeeded well, they can get enough income from selling of farm products and they do not 
need to produce and sell charcoal to get additional income (Ruwa 2010). 
Transportation  permits  are  asked  most  commonly  by  canter  drivers  and  sometimes  lorry  
drivers. The permit costs KSh1,000 and it allows one entry. Transporters having less than 5 
sacks are not charged since it is regarded to be for household use. Anyhow KFS is now 
thinking about putting a charge also on them, because it is known that bicycle transporters 
often take the charcoal to Malindi to be sold, and actually nearly fullfill the demand for 
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charcoal there (Ruwa 2010). According to Ruwa (2010), 60 percent of the charcoal produced 
in Dakatcha Woodland is exported to Kilifi and Mombasa and almost all of the remaining 40 
percent to Malindi.  
 
Besides the permit, transporters are levied on the road tolls where they pay a cess for 
transportation of all natural resources. MCC Clerk, Gabriel Kinayia was stressing the role of 
sand and salt as resources that brings the most money to the Council through the cesses 
(Kinaya 2011). KFS officer Ruwa said that the collection of charcoal transportation fees has 
been in the second place after the income from salt factories (Ruwa 2010). In Marafa there is 
a road toll where the small canters pay KSh200 and bigger ones KSh500 when passing by 
loaded. The toll is in function day and night with a guard always present. This cess goes 
directly to the Marafa District Commissioner, according to local informants. There are other 
three tolls along the roads leading out from Dakatcha Woodland. Also these are functioning 
night and day. According to the toll guards, on the northern road from Marafa towards Sabaki 
Bridge, about 50 loaded canters pass by weekly, most of them during the night. The southern 
road is not used so much by loaded trucks as it is hillier. However, there are about 7 to 10 
loaded canters weekly passing the southern toll point (personal communication April 24, 
2011). The northernmost road toll point close by Fundisa was not assessed. The cess collected 
does not return to the local community, but is used for administration expenses (Kinaya 2011). 
Part of the money is used however for promoting tree plantations in schools and other places 
in Dakatcha Woodland, but according to Ruwa (2010) this is not enough. 
 
All the vehicles coming from Dakatcha Woodland pass by the Sabaki Bridge that is the only 
entrance to Malindi town from north. According to the field observations in Sabaki Village 
and communication with Mumbu (2010) and Ruwa (2010), a small canter can take about 100 
smaller sacks at one time; while the bigger canter (a 10-wheeler truck) may take up to 150 big 
sacks; a full loaded pick up can carry up to 64 sacks; full loaded matatu 15 and minibus 20 
sacks on the roof. During the week of observations in Sabaki Bridge, there were 38 lorries and 
32 canters passing by with charcoal load; 39 matatus and 83 minibus with charcoal on the 
roof; 16 motorbikes and 16 pick-ups; and a staggering 227 bicycle charcoal transporters. 
Figure 25 presents the results of the observation. About 718 sacks were transported daily, 
totalling into 160,700 kilograms of charcoal in a week! Canters transported the biggest 
number of sacks: 1,877 where as 1,403 sacks were transported by lorries and 701 by bicycles. 
In kilograms, however, the transportation by lorries is the most significant, 44 percent of total, 
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as they can transport larger amounts at a time and usually they transport large sacks. Canters 
transport 29 percent and bicycles 11 percent of the charcoal. 
 
 
Figure 25. The amount of charcoal (in kilograms and percentually) transported by different vehicles 
through Sabaki Bridge during April 18 to 24, 2001.  Observations were made between 6am to 6pm, hence 
no night time trafficking is counted in the figures. 
 
The semi-illegal nature of charcoal business may raise issues with police. In towns, canters 
and lorries usually sell the charcoal to brokers that have negotiated prices with clients to 
facilitate the commerce. The brokers are middle men, taking a certain profit for their work. 
For transporters using brokers is more secure than selling the charcoal straight to consumers. 
According to field interviews the transporters are probably paying themselves off if any 
problems occur with the police. In Mombasa there are about 9 places (stocks) where canters 
and lorries can sell the whole load to be resold. The brokers and other resellers in towns sell 
the bigger sack is KSh600 to 1000 where as the smaller sacks are sold for about KSh300 to 
400, and a tin or a small plastic bag of one kilogram of charcoal for KSh20 in April 2011, 
according to locals, Ruwa (2010) and observations in Marafa, Malindi and Mombasa. Ruwa 
(2010) estimated that an average family of 8 persons can cope with one smaller sack for about 
a week if charcoal is used as the only energy source for cooking. Besides household 
consumption, charcoal is many times the main cooking fuel in restaurants, in the rural areas 
like in local eateries in Marafa it is used along firewood, where as in towns also gas is 
commonly used. Restaurants that buy charcoal directly from bicycle traders may get cheaper 
prices; KSh150-340 was stated as average price for the smaller sack depending on the season 
and trader in one of the restaurants in Malindi in April 2011.  
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5.1.5 Energy consumption in households 
According to the results of household study from 2009 in Dakatcha Woodland (A Rocha 
Kenya 2009b) the main energy source for the local households is firewood. The Marafa 
Government Office (2011) and MCC (Kinaya 2011) both state in interviews that the locals 
mainly use firewood, charcoal and kerosene for their energy supply. For cooking purposes the 
traditional methods are in use although improved jikos are sold and even prepared in near-by 
areas (Box 8). Locals lack resources, both monetary and willingness, to obtain and get used to 
energy saving options like improved jikos (Ngari 2011). According to Marafa Government 
Office (2011) locals lack also knowledge about energy-saving options: they do not know that 
with such options less wood need to be used for cooking or that less carbon dioxide would be 
released, for instance. The lack of resources and poverty are stressed as the main reason for 
the prevalence of traditional cooking methods (Marafa Government Office 2011).  
 
The MCC Clerk, Mr. Kinaya said that gas is used by many households in Malindi area, but at 
the same time he admitted that the poor households lack the means to obtain gas cooking 
facilities and rely on charcoal. Only few people are connected to electricity, and it is too 
expensive for the most (Kinaya 2011). In Dakatcha Woodland the electrification is however 
ongoing. New poles for a grid network were being set up on the road from Marafa to south in 
April 2011. This Kenya Rural Electrification project that is administered by the Government 
and MCC, will bring electricity to the dispensaries and shops, mainly for lighting, but the 
Marafa Government Office officer strongly doubted how the locals can benefit from the 
electricity when they lack both the resources to connect to the network and the devices to 
benefit from the electricity. The connection fees and the price of electricity are also too high 
for them (Marafa Government Office 2011). Field observations revealed that there are solar 
panels in some of the villages inside Dakatcha Woodland. They are bought by individuals 
who have relatives in towns outside the area, or by groups of people that have put their money 
Box 8. Local jiko-making in Malindi 
I interviewed a jiko seller called Moses at the Malindi market on April 28, 2011. Jikos were being 
made on background; one could hear the constant noise from banging the steel as men were making 
doors and other items next to the selling place. Both energy saving jiko models with clay and ordinary 
ones were sold in the market. The energy saving ones cost depends on the size of the jiko: the small 
ones  from  KSh450  to  the  large  ones  which  cost  KSh800.  A  medium-size  jiko  which  is  suitable  for  
preparing a meal for a family of 6 person costs KSh600. According to Moses, one can prepare a meal 
with one kilogram of charcoal on this energy saving model where as the traditional model consumes 
more (personal communication). 
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together. According to the officer from the Marafa Government Office (2011), the reparation 
and  maintenance  of  photovoltaic  devices  has  proved  difficult  in  the  area.  If  the  means  to  
obtain and maintain solar devices where in place, this energy form would be the most 
economic after the initial purchasing costs (Marafa Government Office 2011). 
The fuel price increase influences the local households in the area: in Malindi, a local 
household of four members was able to prepare breakfast and lunch with KSh50 worth of 
kerosene in April 2011 (personal communications). As the kerosene prices increase, locals are 
more likely to increase their charcoal consumption. The local tuk tuk taxi drivers held a day 
strike  to  opposite  the  increase  of  prices  stating  that  they  will  not  have  enough customers  as  
people opt to walk instead of hiring a tuk tuk. In Dakatcha Woodland households do not 
depend on kerosene for household energy, but the transportation costs have increased. In 
Marafa the local boda boda (motorcycle) taxis announced their new prices on the shop walls 
as a result of increased fuel prices. For instance, a 30 to 40 kilometer trip from Mulunguni on 
the western side of the area to the main trading center Marafa cost KSh700 (in April 2011). 
Those who cannot afford this must use the one daily matatu (bus) to be able to reach the place 
for selling their products.  
5.1.6 New challenge within the woodlands: Jatropha curcas 
According to Mwenda (2011) the land tenure disputes are not as severe in Dakatcha 
Woodland area as in many other areas inside the Malindi District, but there has been conflict 
about the use of land especially related to the Jatropha curcas project which was supposed to 
cover a large area of the Dakatcha Woodland. The original proposal of 120,000 hectares in 
2009 by Kenya Jatropha Energy Ltd was disapproved by the Ministry of Environment and 
NEMA, but the proposal was reduced step by step to 5000 hectares pilot project approved by 
the District Environmental Committee (Mwenda 2011; Mbuvi et al. 2011: 19). Original plans 
were to grow Jatropha in an area about six to seven kilometres in width and 40 kilometers in 
length in southwest – northeast direction across the western block of Dakatcha Woodland. 
September 27, 2010 I participated to a public hearing held in the proposed project area near 
Sosoni trading center where representatives of Kenya Jatropha Energy Ltd, District 
Commissioner, County Council officials, representatives of Dakatcha Community Forest 
Association  (DCFA)  and  people  from  the  Ministry  of  Environment  and  Natural  Resources,  
NEMA, KFS, local chiefs and residents among others discussed about the project. Those 
locals  against  the  project  said  they  are  told  to  move  out  from their  homes,  and  those  for  it,  
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said they were promised jobs. MCC Clerk, Morris Ogolla, confirmed that the MCC had 
planned to zone the area around Dakatcha Woodland in four zones; Conservation zone, 
Farming zone; Settlement zone and to Jatropha investment zone. According to the clerk, the 
investor made commitments to build schools, health facilities, improve roads and sink 
boreholes in the area. These commitments are however yet to be put down in writing and he 
promised that this would be done as soon as the council is given the green light to continue 
with the project.  
According to Nature Kenya any development initiatives should be planned to conform to 
conservation principles and that such planning should be done for and by the locals 
themselves. Serah Munguti, in charge of Advocacy in the NGO, echoed the Councilors’, 
Renson Kambi’s remarks that investment was needed in the area if the area is to develop but 
said that all these need to be well planned. Francis Kagema from Nature Kenya said there are 
suitable areas for Jatropha cultivations in the southern side of the River Sabaki, where no 
people would need to be evicted and forest and IBA areas would be saved. In a fact, Belgian 
company VITO Bioenergy had already made trials there, but the project did not succeed. 
According to Kagema, the plant demands more water to grow than maize. He also said that 
the main reason for the project to take place in Dakatcha Woodland is the fact that the 
company first gets money from the cutting the trees (Kagema 2010). As Jatropha is an 
invasive  species  not  native  to  Kenya  it  threatens  the  biodiversity,  and  thus  should  not  be  
cultivated in biodiversity rich areas according to a NEMA expert (East African 2010). 
Furthermore, the original amount of hectares would have required 130 new boreholes. 
According to Michael Gachanja, the debuty director of the East African Wildlife Society, 
there are no studies if the ground aquifer can replenish the boreholes. In fact, the 
establishment of plantations in the arid or semi-arid regions of the country is discouraged, 
says Gachanja, because all current initiatives in such areas have failed due to the large 
amounts of water and soil nutrients required by Jatropha (East African 2010). Furthermore, 
the recent study Jatropha Reality Check, commissioned by the German Technical Cooperation 
notes that the yield is in average 0.6 kilograms of oil per plant per year instead of suggested 6 
kilograms (East African 2010).  
The Member of Parliament (MP) for the area, Amason Jeffah Kingi, also Minister for 
Fisheries, said that fully abandoning the project would be detrimental to the residents and 
there would be no assurance that conservation initiatives would succeed. This, he said was 
because  of  the  poverty  situation  of  the  locals  which  cause  most  of  them to  burn  charcoal  to  
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earn a living. He supported the idea of zoning the area to allow multiple land use where 
conservation and investment activities would go on simultaneously. Zonation is the 
prerequisite for the project, according to the Minister of Environment and Natural Resources, 
John Michuki. More scientific evidence on the impacts is also needed, and the development 
projects must comply with the government policies and environmental conservation concerns. 
He urged the locals not to be divided over the issue and promised that his ministry would also 
contribute  to  water  provision  in  the  area  and  asked  the  area  MP  to  select  3  schools  around  
which the boreholes would be sunk for the locals. This initiative would be implemented 
through the department of Geology and Mines Development funds. Nature Kenya expressed 
their concern for that the growing of Jatropha will deprive local communities of their land 
rights because the County Council is actually planning to give away the land they hold in trust 
for the people of Dakatcha Woodland (Gachanja 2010).  
In April 2011, however, it seemed that the pilot project was to be accepted. District Physical 
Land Use Planner, Riungu Mwenda said that the pilot project has now been drawn with both 
environmental and social aspects in mind in a shrubland area with forest corridors on sides 
and avoiding impinging with inhabitant areas (Mwenda 2011). MCC is the partner leasing out 
the land with a small sum per hectare for 35 years with the possibility to stop the project 
during the lease time if the outcome is not good or the effect is harmful in environmental or 
social aspects. Mwenda stated that forest areas should be conserved, and no locals should 
need to be evicted. The plan was waiting for the approval of the Minister of Environment, 
after which it would be send back to MCC to be approved. Thereafter, it needs the approval of 
all other stakeholders: local communities in forefront. 
As a reaction to the Jatropha discussion, and as means to conserve the Dakatcha Woodland, 
Christian conservation organization A Rocha Kenya, is planning to buy some 1,000 acres of 
land in Dakatcha Woodland and let the locals stay there with the precondition that they will 
not cut Cynometra or Braghystegia trees. A Rocha Kenya is targeting the Cynometra areas 
because they are the main areas for the Sokoke Scops Owl. According to Jackson (2011), the 
Brachystegia areas are important too, but the species grows faster than cynometra, that, after 
being cut for pineapple growing hardly grows back even if the fields are left un-cultivated 
whereas Brachystegia seems to breed again. 
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5.1.7 Household awareness of excessive forest use and opinions about the land use and 
conservation 
As the woodlands provide locals with multitude types of ESs, it is necessary to acknowledge 
also the destructive nature of excessive forest use. The awareness of excessive forest use and 
its’ consequances were assessed in the questionnaires. 14 households out of 80 responding 
ones did not have knowledge on this issue. The rest stated that less reliable rainfall and 
prolonged droughts are the most severe consequence (47 answers); increased soil erosion (19); 
loss of species (8); increased winds (5); increased fires (5); poverty (3); less building 
materials (3); less resting place or shelter for animals (3). Increased conflicts and related need 
to move; worse air condition (dust); famine; less pollinators and more easily spreading 
diseases where also mentioned. 
30 out of 83 households saw that the best use of Dakatcha Woodland would be conservation 
and 27 households named farming as the best use. 21 households named sustainable use of the 
land and forest. Ten households wanted separation of land for conservation and other uses. 
Seven households mentioned tree planting; five woodlots; four bee-keeping; and three land 
adjudication. 21 out of 71 households saw that poverty is the main hindrance to the best 
utilization of the Dakatcha Woodland whereas ten households mentioned the lack of title 
deeds. Seven households named the community itself responsible by allowing outsiders to use 
and destroy land and resources. At the same time they stated lack of community coordination. 
On the other hand, six households named the lack of responsibility by the government as the 
main hindrance. Lack of knowledge on the importance of the woodland and its conservation 
was the main hindrance for six households. Three households mentioned unemployment and 
two ignorance. KFS department being too far from Dakatcha Woodland; forest fires; diseases; 
lack of demarcation; low inclusion of community to the projects; unreliable rains and lack of 
education where mentioned, too. 
88 households out of 89 wanted formal protection for various reasons, most commonly stated 
was: “for our own use and for the future generation” (25 times). Other statements include, for 
instance: “Yes, for reliable rainfall and for birds and insects to get a place to rest” (male 
household head, household no 44); ”Yes, because our elder people conserved and we ought to 
conserve for the future generation” (wife to a household head, hh no 51); and “Yes, for 
keeping the nature, to control the rain seasons, to avoid soil erosion, to maintain the habitats 
of different species of wild animals and birds” (wife to a household head, hh no 2). Improved 
rainfall was mentioned 19 times; tourism 7 times; improved soil quality (5); and improved 
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water catchment (3). Conservation related improvements would also include: employment; 
more trees; shelter for animals and species variety; building material; recreation; Kayas for 
cultural memory; herbs; and peace.  
Furthermore, households were asked more precisely their personal opinion how they would 
conserve the woodland. 44 of the 88 households that had an opinion on this theme mentioned 
planting trees as a means to conserve the forest. 20 households said agroforestry, planting 
crops and farming could help conserving the forest. Eight households said tree cutting should 
be avoided and five households said getting title deed would be the requisite for forest 
conservation. Only three households mentioned fencing the forest as a means to conserve it. 
Other issues mentioned include: evict outsiders; setting up community forest guides and 
guards; bringing the KFS station to the forest; more cooperation and unity among locals; land 
demarcation; increasing awareness; stronger government role and involvement; ban tree 
cutting; monitor forest; and create Income Generating Activities (IGAs) that do not destroy 
forest. If the conservation of Dakatcha Woodland would generate income for the local 
communities, the households would use it for: business and creating sustainable IGAs (25 
mentions); investing in livestock (23) and improving housing (20). Education was mentioned 
13 times and concept of development nine times. Other mentioned issues included: 
investment in the community; tree nurseries; forest and land rehabilitation; food; clothing; 
planting and bee-keeping. 
 
5.2 Remote sensing and GIS data analysis 
Results from the satellite image and GIS data analysis are presented next, including: 
classification results and comparison and accuracy assessment. 
5.2.1 Classification results and comparison 
Several factors influence on the classification result, in this case it must be noticed that the 
classification images are formed of two image file pairs that have some differences in the 
reflectance of same land cover type which can cause minor differences in the classification 
result. The accuracy of field data matters, also. In the study much attention was given to get 
the  exact  GCPs  from  different  vegetation  covers.  According  to  Belward  (1991:  41),  the  
spectral reflectance of vegetation canopies is known to be influenced by several vegetation 
factors that include: the overall life form of the vegetation; leaf properties; vegetation height 
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or tree size; the fractional cover of vegetation; and the health and water content of leaves. Soil 
colour and wetness contribute to the spectral response, too. The reflectance at all wavelengths 
is lower for the wet soils: the soils with a small particle size hold larger amounts of water due 
to large total surface area per unit volume (ibid.). Soils that contain a high percentage of 
organic matter generally have low levels of reflectance while soils with little or no organic 
material tend to reflect more light. Red soils owe their color to iron oxide. The higher the 
content the lower the reflectance is, particularly in the visible wavelengths. For instance, the 
laterite has much lower reflectance than sands or clays which may be due to specific 
absorption characteristics of the metallic ions in the soil (Belward 1991b:43). The net effect is 
that the same vegetation type may have many spectral manifestations in the image (Woodcock 
et al. 2002: 99-100). So, the reflection from vegetation is not only related to different 
properties of species or their physiognomic stage, but also to soils, which can be noticed when 
the satellite data and field observations are compared. When kenSOTER soil data is overlayed 
with the land cover data it can be noticed that most Brachystegia type woodland is on 
Arenosols (AR) and Ferralsols (FR) where as Cynometra thickets are found on Ferralsols (FR) 
and Vertisols (VR) but also on Arenosols (AR) (Figure 26).  
 
Figure 26. Land cover and soil map for Dakatcha Woodland. 
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Land cover legend for this study was formed using the LCCS. The descriptions of the ten land 
cover classes defined can be seen from Table 9. Two ‘woodland’ classes are dominated by 
Brachystegia species and differentiated due to difference in canopy cover and thus in 
reflectance. ‘Woody vegetation’ class comprises of mixed tree species and varying canopy 
cover, but structurally woodland type. The dense ‘thicket’ class is dominated by Cynometra. 
‘Bushland’ class consists mainly of reverine bushland areas where as the two ‘agriculture’ 
land classes represent mixed farming areas of which the ‘agriculture 2’ class was mainly on 
fallow (in October 2010). ‘Grassland’ consists of natural grasses with minimal woody 
vegetation, where as the ‘bare areas’ class includes bare rock in depression areas and bare soil 
on the roads and villages. Thus, there is no separate class for infrastructure – the reflection 
from  roads  and  other  non-vegetated  human  constructed  areas  could  not  be  differented  from  
the reflection of natural bare areas. The scenes for the 2005/06 classification were almost 
completely cloudless, but the few clouds are also classified as bare soil and cloud shadows as 
water due to similar reflection properties. This has a minor impact on the numeric figures of 
these classes, naturally. For the 2011 classification a cloud mask was formed due to larger 
amount of clouds. According to Masalin (2005: 70), who has conducted land cover study in 
Taita Hills area, bushland is difficult to classify, as same species are found in other classes too. 
The differenciation is especially difficult in some cases between bushland and thicket. The 
soil reflection influences on the reflection of this class as it is visible in places. Thicket differs 
from bushland because it is dense and no grassland or soil is practically visible (ibid.). The 
same apply in Dakatcha Woodland. Masalin (2005:70) also found it difficult to differentiate 
grassland from agricultural lands as in both the soil reflection is high as the vegetation cover 
is small, which was also the case for this classification. 
Table 9. LCCS legend for Dakatcha Woodland area 
ID User Land Cover Name User Description 
1 Water Permanent water bodies. 
2 
Woodland closed >65%  
(brachystegia type) 
Dense woodland with brachystegia  
as dominant species. 
3 
Woodland open 40-15%  
(brachystegia type) 
Sparse woodland with brachystegia  
as dominant species. 
4 Woody vegeration Sparse to dense woodland with mixed tree species. 
5 Thicket (cynometra type) Dense thicket with cynometra as dominant species. 
6 Bushland Mainly riverine bushland areas. 
7 Agriculture 1 
Agricultural lands with several crops  
(maize, legumes, fruit trees, pineapples, etc.). 
8 Agriculture 2 Agricultural lands mainly on fallow. 
9 Grassland Natural grasslands. 
10 Bare areas 
For instance, bare rock in depression areas and bare 
soil on the roads and towns. 
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Mwanikah (2008: 42-44) identified seven classes from the LANDSAT data used in her land 
cover change study for the area. They differ somewhat from my classification. For instance, 
the class ‘wetland’ is not in my study because in the Dakatcha Woodland area definition that I 
used there was practically no wetlands. ‘Settlement class’ is not included either, due to 
previously mentioned reasons. Mwanikah’s class ‘dense forest’ is named ‘thicket’ in my 
study whereas my ‘woodland’ class represents the Brachystegia areas. Mwanikah has made a 
different classification considering her ‘woodland’ class: it includes bushlands, wooded 
grasslands and degraded forests. A separate class for bushland was formed in this study due to 
different  reflection  curves  compared  to  woodlands.  On  the  other  hand,  ‘agriculture’  classes  
where included in this classification because they form an important part of the land cover 
(18.4 percent) in Dakatcha Woodland area, and cannot be dismissed when the management of 
the woodland is planned. The mosaicked classification images 2005/06 and 2011 are 
presented in Figure 27 with corresponding percentages for each land cover type.  
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Figure 27. Land cover in Dakatcha Woodland context area 2005/06 and 2011. 
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Table 10 presents the hectares and percentages of each land cover type for the 2005/06 and 
2011 classifications both for the whole image and for Dakatcha Woodland area, which is 
defined inside a rectangle (NW 566916, 9694717; NE 615637, 9694717; SE 615637, 
9672981; SW 566916, 9672981) of mere 200,000 hectares in size. Unclassified class of  
1,018 ha was detected in 2011, but it was not included because it represents area without data 
as it is out of scene; thus the 2011 scene set is also smaller in size than 2005/06 image set. 
Also, the use of cloud mask reduced the total hectares in the 2011 image, but it also made it 
possible to compare the areas for each land cover class between years. The areas under cloud 
or shadow cover were calculated and subtracted from the corresponding land cover classes to 
get more realiable result for comparing the two classifications. Land cover change is 
measured as a procentual change in land cover types. The areas for each class are calculated 
by pixels, and they are shown in hectares and percentage.   
Table 10. The coverage of different land cover classes in hectares and percentual portions in 
Dakatcha Woodland and context area in 2005-06 and 2011.  
Land cover 
Field values (ha) 
whole mosaic area 
2005-06 / 2011 
portion (%) of 
total  
2005-06 /2011 
Field values (ha) in 
DWL area  
2005-06 / 2011 
portion (%) 
2005–06 / 2011 
1 Water 49,597/52,675 11.8/13.6 388/906 0.2/0.5 
2 Woodland closed (brac) 19,934/36,572 4.8/9.4 15,021/21,290 7.3/11.0 
3 Woodland open (brac) 28,407/29,442 6.8/7.6 16,326/18,711 7.9/9.7 
4 Woody vegetation 96,269/64,825 23.0/16.7 57,860/44,623 28.1/23.1 
5 Thicket 32,960/31,304 7.9/8.1 19,790/23,802 9.6/12.3 
6 Bushland 23,420/11,197 5.6/2.9 18,732/8,648 9.1/4.5 
7 Agriculture 1 31,282/28,899 7.5/7.5 18,360/16,255 8.9/8.4 
8 Agriculture 2 33,426/50,246 8.0/13.0 19,428/19,284 9.5/10.0 
9 Grassland 61,496/65,949 14.7/17.0 25,558/36,599 12.4/18.9 
10 Bare areas 42,070/16,142 10.0/4.2 14,183/3,303 6.9/1.7 
 
‘Woody vegetation’ forms the largest land cover type with 23.1 percent in 2011 (28.1 in 
2005/06). The decrease can be related to larger percentage in ‘woodland’ classes (11.0 for 
‘woodland closed’ and 9.7 for ‘woodland open’ in 2011 compared to 7.3 and 7.9, 
consequtively, in 2005/06). The reflection from ‘woody vegetation’ is related to the canopy 
cover and thus to the soil reflection that comes through, which makes the class varying in 
reflection curves. This has caused the different proportions between years and alteration to 
other classes. ‘Thicket’ class is larger in 2011 (12.3 percent) than in 2005/06 (9.6 percent), 
which may relate to the decrease in ‘bushland’ class (4.5 percent in 2011 compared to 9.1 
percent in 2005/06). The difference in reflection between these classes may be difficult to 
differentiate, which may have caused the change. ‘Agricultural lands’ have similar 
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proportions in 2005/06 (8.9 for agriculture 1 and 9.5 for agriculture 2) and in 2011 (8.4 for 
agriculture 1 and 10.0 for agriculture 2). The increase in ‘water’ class is related to water 
reflection properties – in 2011 the water pixels have been registred better in the Sabaki River 
leading in to 0.5 percent class coverage compared to 0.2 in 2005/06.  ‘Grassland’ class has 
increased: 18.9 percent in 2011 compared to 12.4 in 2005/06. This is due to decrease in ‘bare 
areas’ class (from 6.9 percent in 2005/06 to 1.7 percent in 2011). When the vegetation canopy 
is very shallow the soil reflects through it which causes confusion between these classes. This 
is  especially  visible  in  the  western  side  of  the  area  (Figure  28).  A  portion  of  ‘woody  
vegetation’ and ‘agricultural lands’ in the central northern part of Dakatcha Woodland has 
been classified to ‘grassland’, and consequently ‘bushland’ areas next to it to ‘woody 
vegetation and ‘thicket’. Also, there seems to be change in ‘bushland’ areas to ‘thicket’ and 
‘woody vegetation’ in the western part of the area from 2005/06 to 2011 and vice versa, from 
‘woodland closed’ and ‘thicket’ to ‘bushland’ in the inner section of the eastern block of the 
IBA from 2005/06 to 2011. 
 
Figure 28. Land cover in Dakatcha Woodland 2005/06 and 2011. 
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From the forest cover classification, (Figure 29), it is clearly visible that the woodland areas 
are fragmented, but concentrations of Brachystegia type woodland and Cynometra thicket 
still exist. The woodland cover seems, actually, to have slightly increased in figures from 
2005 to 2011. However, there are significant changes in the spatial appearance of the 
woodland areas which do not quite coincidence with the IBA area in the site anymore in 2011. 
In fact, the IBA has very little thicket, but still considerable areas of Brachystegia woodland 
that is considered to be the main breeding site for the endangered Clarke’s Weaver (Nature 
Kenya 2008:3). The ‘woodland’ classes have anyhow decreased especially on the western 
block of the IBA, giving way to ‘agriculture’ and ‘woody vegetation’ classes (Figure 28). 
Some ‘thicket’ areas have increased outside the western IBA block – the change is from 
‘woody vegetation’. The relevance of current IBA area definition should be questioned due to 
these findings. 
Figure 29. Forest areas in Dakatcha Woodland 2005/06 and 2011. 
Anthropogenic factors have contributed to the change of land cover in Dakatcha Woodland, 
as has been stated before. Forest resource extraction for firewood and charcoal is one 
contributing factor. Figure 30 shows some of the observed charcoal production sites, but also 
the location of assessed households and the proposed area for the Jatropha project.  It  was  
suggested in the socio-economic results that charcoal production has been severe especially 
on the western block of the IBA, around Mulunguni and Dakatcha villages, both by locals and 
outsiders. The results of decreasing ‘woodland’ cover from 2005 to 2011 on that area support 
this information. Ruwa (2011) stated that the proposed area for Jatropha cultivations should 
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not collide with forest areas, but the results of land cover classification prove otherwise – the 
site would still cover some ‘woodland’ parts as can be seen from Figure 30. 
 
Figure 30. Brachystegia woodlands and cynometra thickets in Dakatcha Woodland area in 2011, and the 
IBA besides some of the observed charcoal production sites and the location of assessed households.  
5.2.2 Accuracy assessment 
The most common approach used to determine the accuracy of land cover maps is to conduct 
an accuracy assessment by an error matrix (also referred to as a confusion matrix) based on 
sample sites selected by field work and/or from the image or map (Woodcock et al. 2002: 
111-112, Clark 2006: 1). Ground reference test data collected in the study area during the 
field work in October 2010 was used for the assessment together with reference data collected 
from the images. Coordinates of the reference point data that was saved as .txt form was 
imported into reference column in the Accuracy assessment tool to generate the accuracy 
report error matrixes, accuracy totals and Kappa statistics in ERDAS IMAGINE (Appendix 
5). The relationship between the classification data and the reference data is commonly 
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summarized in an error matrix. The confusion matrix presents the Producer’s and User’s 
Accuracies for each class and well as the overall accuracy and the Khat statistic that gives an 
accuracy estimate that removes the effect of random chance on accuracy. The overall 
accuracy  is  a  sum of  the  diagonal  elements  divided  by  the  total  number  of  pixels  (or  sites)  
evaluated. Producer’s Accuracy is the number of correct elements for a class divided by the 
total number of pixels (or sites) given in that class on the row. User’s Accuracy is the number 
of correct elements divided by the total number of pixels that should truly be part of that class 
(the column total). Pixels that were missed by the Producer are called errors of omission; they 
are calculated as 100 minus the Producer’s Accuracy. The pixels that are wrongly assigned to 
a class are called errors of commission; they are calculated as 100 minus the User’s Accuracy 
(Woodcock et al. 2002: 112). The User’s accuracy indicates the probability that a reference 
site classified on the map actually represents the class on the ground (Clark 2006: 1). For the 
mosaicked 2005/06 classification image the overall accuracy is 85/116 = 73.3 percent, and for 
the 2011 classification image 77/116 = 66.38 percent. Table 11 gives the figures for both 
accuracy types.  
Table 11.  ACCURACY TOTALS  
 Producers Accuracy (%) Users Accuracy (%) 
Class name 2005/06 2011 2005/06 2011 
    Water     83.33 40.00 100.00 66.67 
    Woodland bc     83.33 100.00 62.50 57.89 
    Woodland bo     87.50 50.00 53.85 100.00 
    Woody veg     75.00 50.00 64.29 58.85 
    Thicket    100.00 75.00 87.50 75.00 
    Bushland     57.14 45.45 88.89 62.50 
    Agriculture 1     46.15 50.00 85.71 66.67 
    Agriculture 2     82.35 82.35 73.68 63.64 
   Grassland     72.22 100.00 81.25 79.17 
   Bare soil     66.67 27.27 66.67 50.00 
 
Khat statistic coefficient Kappa (K) values >0.80 represent strong agreement or accuracy 
between the classification map and the ground reference data; values between 0.40 and 0.80 
represent moderate agreement, and values <0.4 represent poor agreement (Clark 2006: 3). In 
the study, K value was 0.7003 for the 2005/06 mosaicked classification image, and 0.6186 for 
the 2011 image. Class based Kappa values can be seen from the Appendix 5. 
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6. DISCUSSION 
This study had a specific objective to untangle how the livelihoods of the local people, in 
particular the charcoal production, and the energy consumption influence the environment but 
also acknowledge what is the role of charcoal production for local livelihoods in Dakatcha 
Woodland. Through thorough background study on the themes that formed the theoretical 
framework of this study, and with combined methods of development geography and RS and 
GIS, much new information regarding the research objective could be found.   
6.1 Local livelihoods and significance of charcoal production and woodfuel use 
It was found out that 66 percent of the population in Malindi District is considered to be 
living in absolute poverty, i.e. they are unable to meet their basic food and non-food 
requirements (Republic of Kenya 2002). This poverty can be seen in Dakatcha Woodland, 
where Mbuvi et al. (2011) claimed, that the status of livelihoods is declining due to several 
physical and socio-economic factors, such as poor infrastructure; low education; poor 
conditions for agriculture and lack of other (legal) income sources; lack of title deeds and 
poor management situation. Compared to the regional statistics, the average household 
member figure found is high, 8.7 persons per household. The relatively small number of 
questionnaires in my study (90) may explain the difference in household size compared to 
other data. Housing conditions in the area are poor: 34 percent of the households live either in 
houses with mud or makuti (palm leaf) wall and old makuti roof that are in bad condition; and 
like the data from KNBS (2007) suggested, the education level in Dakatcha Woodland is low 
compared to national statistics: 10.6 percent of the assessed persons did not have any formal 
education and only 4.7 percent had reached secondary education. However, it should be 
acknowledged that also under-school aged are counted in these statistics.  
Access to household amenities, particularly housing, sanitation, water and energy directly 
impacts to the welfare of household members (KNBS 2007), and the time taken to fetch water 
is away from other productive activities, and especially burden to women. The households are 
situated in average 1,740 meters away from the nearest water source which is less than the 
average distance of 3,000 meters in rural areas stated by KNCHR (2006). However, locals 
expressed their wish that water services could be maintained better in the area: currently 
NGOs are basically in charge of the maintenance of the sector where as the local or national 
authorities neglect primary needs, according to local informants. As Goldemberg (2000) 
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acknowledged, the large amounts of human energy that are spent on fuelwood gathering and 
water fetching are away from agricultural production, also in Dakatcha Woodland. 
FAO (2010a) and Anderson et al. (1999) stated that woodfuels remain the most available and 
affordable energy source for most rural residents in Kenya. Accessibility and affordability are 
the main factors, which influence the end-user decisions or preferences for woodfuels, 
continued FAO (2010a). Amous (1999), added that women and girls are generally the most 
involved in the collection and use of woodfuels for cooking, which signifies that women 
largely determine the energy consumption patterns of households. Some foods are believed to 
taste better when cooked using firewood or charcoal than electricity – efficiency is thus not 
necessarily the first determinant when choosing the cooking device. The role of a fireplace is 
multifunctional (FAO 2010a). According to the results of household study from 2009 in 
Dakatcha Woodland by A Rocha Kenya (2009b) the main energy source for the local 
households was firewood. The Marafa Government Office (2011) and MCC (Kinaya 2011) 
both stated in the interviews that the locals mainly use firewood, charcoal and kerosene for 
their energy supply. In Malindi area, of which woodfuel energy is mainly satisfied with 
supply from Dakatcha Woodland, 68.9 percent of the households depend on firewood and 
11.4 percent on charcoal for cooking purposes. 70.4 percent of households depend on the 
traditional three stone fire and 10.8 percent on ordinary charcoal jiko (KNBS 2007), whereas 
only 1.6 percent of the local households use improved charcoal jikos. According to Marafa 
Government Office (2011) lack of resources and knowledge on energy-saving options besides 
poverty are the main reasons for the prevalence of traditional cooking methods. 
 
FAO (2010a) among Anderson et al. (1999) and Goldemberg (2000) stated that as women 
participate in agricultural production, cooking and child-caring at the same time with 
woodfuel collection, the scarcity of fuelwoods increases the time and effort required to meet 
minimum household energy needs and may lead to negative impacts on the nutrition and 
health of families. Goldemberg (2000) saw that at household level, fuelwood use, especially 
firewood in a three stone jiko, poses significant health issues especially to women as the poor 
indoor air quality is associated with 2 million premature deaths yearly. Unintentional kitchen 
fires, poor ergonomies of stoves and injuries associated with carrying heavy loads of 
fuelwood are also related according to FAO (2010a). 
 
Although the locals in Dakatcha Woodland mainly consume woodfuels for household energy 
needs, the increase in price of kerosene increases the transportation costs in the area. Prices 
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had increased during the spring 2011 in the whole country. The increase was contributed to 
inflantion, bad management of the energy sector and corruption, according to Daily Nation 
(2011). The price increase hampers the possibilities of locals to travel from their villages to 
main trading centers to sell agricultural products, for instance. Those households and 
restaurants that use kerosine for cooking purposes are likely to increase their charcoal 
consumption as the kerosene prices increase because charcoal is well available and can be 
produced without a cost in Dakatcha Woodland. Development in the local energy sector has, 
however, been witnessed as the electrification was ongoing in spring 2011. Marafa 
Government Office (2011) officer, anyhow, reasonably doubted how the locals could benefit 
from the electricity when they lack both the resources to connect to the network and to pay the 
bills, and the devices to benefit from the electricity.  
 
Ikiara (2003) argued that small-scale agriculture is the main livelihood in Dakatcha Woodland 
which was found true among the assessed households. Magarini District statistics added 
livestock keeping, small business and casual labour to be the main socio-economic activities 
in the area (Marafa Government Office 2011). Poor agricultural conditions, mainly sandy 
soils and climatic conditions were found, however, restraining the agricultural production and 
thus the available opportunities to support livelihoods (Musila et al. 2006; A Rocha Kenya 
2009b; Teel 1988; Foeken 2003). Dakatcha Woodland IBA is located almost completely in 
the semi-arid agro-climatic zone V-1, also called as the Cashew-cassava Zone (Braun 1980; 
FAO 1996). Kauffman et al. (1991) found out that Arenosols and Ferralsols, that are the main 
soils in Dakatcha Woodland, present various degrees of limitations when forests on those 
soils are cleared for arable farming. The sandy Arenosols have the least favorable properties 
for agriculture, he continued (ibid.), but they host the ‘woodland’ areas in the site: the IBA is 
almost completely on Arenosols. Spaargaren and Deckers (1998) stated that Ferralsols are 
characterized by dominance of low activity clays but they are easy to work and hardly prone 
to erosion. According to Mbuvi et al. (2011), Brachylaena huillensis-Cynometra webberi 
associations are prominent on top of the low hills, on red Magarini sands which are used to 
pineapple and cassava planting after clearing the woodlands (Macharia 1996). Of the soils 
present in Dakatcha Woodland, Luvisols have the most favourable properties for agriculture 
according to Kauffman et al. (1991), but they are only found on the most western part of the 
woodland according to the GIS analysis. The knowledge of soil properties and spatial 
distribution should be used in planning of agricultural activities in the area. 
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Despite  the  poor  conditions,  pineapple  was  still  found  to  bring  the  mainstay  of  income  to  
many households in its’ limited growing zone in Mulunguni, Chamari, Wakala and Dololo, 
but the area under pineapple cultivations was shrinking due to the emergence of the pineapple 
disease described by Mbuvi et al. (2011), and due to local youth’s lack of willingness to work 
in agriculture as tourism business in Malindi or other work in Mombasa provides easier 
income. According to Waaijenberg (2003) also the seasonality of production due to the long 
dry period in combination with lack of storage and processing facilities reduces the benefits 
farmers can obtain from growing fruits. As the harvest come in peaks, the markets are quickly 
glutted and prices drop. Musila et al (2006) stated that the poor conditions have reverted 
people to activities like charcoal burning and Government rations for survival. Off-farm work 
was found to have become the major supplier or additional income in the area by Waaijenberg 
(2003) and by the questionnaire results. Small-scale agriculture, that according to my 
questionnaire results gives more than half of household income to nearly 60 percent of 
assessed households, is supplemented by small-scale enterprises engaged in retail trade, 
fishing, furniture making, hawking, handicrafts, and charcoal production as described by 
Ikiara (2003). Indeed, casual work gives income more than half of the local households and 
the sale of forest products gives more than half of household income to 24 percent of the 
households. 50.6 percent of the households state charcoal as their livelihood, but actually 59.6 
percent get some part of their income from charcoal production. Both are higher figures than 
the result, 39.6 percent, from a previous study by Nature Kenya (2010a). Of course, it can be 
discussed if the area where the households were assessed influenced the result: it was close to 
forests and main charcoal production areas according to household location data; or if the fact 
that interviewers were locals that may have had better access to honest answers in delicate 
issue like charcoal, bore an influence. Anyhow, it was found out that charcoal was produced 
also by those locals who did not produce it habitually as a means to obtain income when 
unexpected expenses like medical ones appeared. 
In any case, the results prove, as FAO (2010a) suggests, that fuelwood and charcoal represent 
a significant economic activity in Dakatcha Woodland like elsewhere in Africa. Woodfuels 
are mainly produced by informal work (FAO 2010a, Amous 1999, Kinyanjui 1987), as the 
charcoal sector has semi-illegal status in Kenya. The socio-economic household survey done 
in Dakatcha Woodland in 2010 found out that the average income per household in the area is 
KSh82,516 per year with variation from KSh500 to KSh750,000 (Nature Kenya 2010a). In 
my study it was found that as the average household charcoal production, 38.1 sacks per 
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month, is multiplied with the average selling price per sack, KSh106.3, the average income 
from charcoal seems to contribute more than half of the household income in the area 
although only 34.8 percent of the households stated that they obtain half or more of their 
income from charcoal production. 70 percent of the charcoal was found to be sold to local 
intermediants, 26 percent to buyers from outside the area (mainly from Mombasa and 
Malindi), and 4 percent directly to local households which emphasizes the outside demand of 
charcoal. 
A large number of people are employed in different phases of the suppy chain through 
collection and sizing the wood, preparation of kilns for converting wood to charcoal, loading 
wood into kilns and unloading charcoal after conversion, unloading, bundling, packaging, 
transportation and marketing. Additional employment is created by the activities that use 
charcoal, such as food processing industries, as was stated by FAO (2010a). Generally, the 
direct beneficiaries of incomes generated from charcoaling are tree-owners, although the 
charcoal maker usually gains more, the unemployed, the landless, and small-scale farmers or 
pastoralists, but also the FD that gain small revenues in cesses and licenses (Kinyanjui 1987). 
Kinyanjui (1987) emphasized that the small-scale open-air wholesaling and retailing in urban 
centres perhaps account for the largest number of full-time jobs in the entire charcoal industry 
which tells about the penetration of charcoal industry to society in larger. Although 
Mustalahti (2011), and Rocheleau and Edmunds (1997) argued that men tend to be the 
commercial  users  of  forest  resources  where  as  women  are  usually  subsistence  users,  in  the  
case of charcoal supply chain in Dakatcha Woodland women were found in fact many times 
to be in charge of the resale of charcoal besides other goods in the trading centers. According 
to field observations and questionnaire results women also contiribute to charcoal production:  
41.5 percent of the charcoal was produced at least partly by them. Another issue is how the 
monetary compensation is diveded inside the household. This would offer interesting object 
of study for the future.  
Major determinants of profitability in charcoal-making operations include technology in use, 
efficiency of operation, distance from major markets, local cost of inputs and the species of 
trees used (FAO 2010a). In Dakatcha Woodland, according to observations, the production 
methods are not sustainable: indigenous species are utilized lavishly and low energy-efficient 
earth-mound kilns, defined by FAO (2010b) and Kinyanjui (1987), are used for carbonization. 
In several charcoal production sites pieces of trunks were left on the ground un-burned or 
partially-burned, and quite a large amount of smaller pieces of charcoal enough to fill up 
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several smaller sacks could be found on the already harvested kilns. This may be due to lack 
of awareness of sustainable production methods, but also due to seeming abundance of wood 
resources, for now. While full-time and seasonal producers often initiate tree felling for 
charcoal-making, the casual or infrequent enterprise usually takes advantage of trees felled for 
other purposes (Kinyanjui 1987), and can obtain income with less work. The charcoal 
production is mainly medium-size full-time or seasonal activity in Dakatcha Woodland 
according to the definition by Kinyanjui (1987). Also small-producers were found in 
Dakatcha Woodland, especially among the casual producers. According to the estimations by 
the interviewed charcoal producers on the sites,  it  is  normal to produce about 20 sacks from 
one kiln cycle. 
According to Ruwa (2010), 60 percent of the charcoal produced in Dakatcha Woodland is 
exported to Kilifi and Mombasa and almost all of the remaining 40 percent to Malindi. 
Besides the transportation permits from KFS that cost KSh1,000, transporters are levied on 
the  road  tolls  where  they  pay  a  cess  from  transportation  of  all  natural  resources.  In  Marafa  
there is a road toll where the small canters pay KSh200 and bigger ones KSh500 when 
passing loaded. According to local informants, the cess goes directly to the Marafa District 
Commissioner. Kinaya (2011) stated that the cess collected in other toll points provided by 
MCC does not return to the local community either. According to the toll guards, the northern 
road from Marafa towards Sabaki Bridge is more used as about 50 loaded canters pass by 
weekly, most of them during the night, than the hillier southern road with about 7 to 10 
loaded canters passing by weekly. According to observations in Sabaki Bridge during one 
week in April 2011, about 718 sacks of charcoal, of which majority came from Dakatcha 
Woodland, were transported daily, totalling into 160,700 kilograms in a week! The 
transportation by lorries contributed the most: 44 percent of charcoal was transported by them 
where as canters transported 29 percent and bicycles 11 percent of the charcoal. It should be 
noticed that the bicycles do not need to pay the cess if they are transporting 5 or less sacks at a 
time, but they are significant because they can offer reasonable prices and home-delivery in 
towns. The brokers and other resellers in Malindi and Mombasa sold the bigger sack (50 
kilograms) for KSh600 to 1000 where as the smaller sacks (25 kilograms) were sold for about 
KSh300 to 400, and a tin or a small plastic bag of one kilogram of charcoal for KSh20 in 
April 2011, according to locals, Ruwa (2010) and observations in Marafa, Malindi and 
Mombasa.  
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The unsustainable use of forest resources in order to sustain local livelihoods is degrading the 
state of environment in the important biodiversity area of Dakatcha Woodland as Nature 
Kenya (2008) stated. Charcoal production in the area is, and will remain, high due to demand 
from adjacent towns Malindi, Kilifi and Mombasa, and due to income it brings to local 
population, but also due to the lack of regulation in forest use – the area is not conserved or 
protected, and poorly managed in all ways as Mbuvi et al. (2011) commented.  
6.2 Decreasing forests – deteriorating livelihoods 
Millenium Ecosystem Assessment (MA 2005) set the biodiversity and ecosystem service 
theory  on  what  the  study  stands:  diminishing biodiversity and weakened ecosystem services 
cause deterioration of livelihoods. As the previous chapter suggests, the charcoal offers an 
important livelihood for the local households in Dakatcha Woodland, but on the other hand it 
degrades the forest resources which, consequently, impacts on the rest of the forest ecosystem 
services, i.e. social services like ecotourism; ecological services like water and soil protection; 
amenities, for instance cultural; and biospheric services like climate regulation and 
biodiversity as described by Eliasch (2008). Indeed, as CIFOR (2005) emphasized, forests act 
as a safety net for the poor, providing them with goods and services they are unable to afford 
in the marketplace. The scarser the forests, the higher is the cost of timber, fuelwood and 
other forests goods, with obvious implications for the poor (CIFOR 2005). KNCHR (2006) 
found out that the deprivation resulting from loss of biodiversity without meaningful 
alternatives contributes to the poverty and vulnerability witnessed among the local inhabitants 
in Malindi area, according to my study also in Dakatcha Woodland.   
Forests, or woodlands, form a significant part of Dakatcha Woodland area. According to 
observations and Macharia (1996), the natural vegetation in the area can be divided into four 
classes: 1) Brachystegia type woodland occupied with single-stemmed trees over 5 meters 
high, open or closed canopy ? 15 percent; 2) Dense broad-leaved thicket, consisting of 2 to 5 
meters high multistemmed shrubs and mainly Cynometra; 3) dense low bushland consisting 
of multistemmed shrubs generally less than 2 meters in height; and 4) grassland consisting of 
both herbs and grasses, at occasions with scattered trees and shrubs. Findings from the RS and 
GIS analysis  follor  this  division  as  can  be  seen  from the  Table  12  that  makes  a  comparison  
also with the vegetation classes defined by White (1983). 
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Table 12. Dakatcha Woodland vegetation cover classification comparison 
Land cover classification Vegetation cover (Macharia 1999) Vegetation cover (White 1983) 
Woodland closed >65%  
(brachystegia type) The tree layer 
 
 
 
 
Forest 
Scrub forest 
Woodland open 40-15%  
(brachystegia type) 
Transition woodland 
Woodland 
Woody vegeration Scrub woodland 
Thicket (cynometra type) 
 
The high shrub layer 
 
Thicket 
Bushland 
Bushland The low shrub layer Shrubland 
Grassland The herb layer Grassland, Wooded grassland 
When soil data was overlayed with the land cover data it could be noticed that most 
Brachystegia type woodland is on Arenosols and Ferralsols where as Cynometra thickets are 
found on Ferralsols and Vertisols but also on Arenosols. Kauffman et al (1991) found that 
Arenosols and Ferralsols have limited properties for agriculture as being part of the sandy 
soils according to IPCC classification Batjes (2010) described. According to Kaufmann et al. 
(1991), rational use of forest resources should always be based upon accurate knowledge of 
land and soil properties. This knowledge contributes to rational land use planning in general 
and in the case of Dakatcha Woodland to the zoning and management of the woodland.  
Land Cover Classification System (LCCS) (Africover 2003) was used to define a land cover 
legend compliant to the FAO - UNEP international standard to improve the comparison of the 
results.  Ten  classes,  of  which  the  ‘woodland’  and  ‘agriculture’  consist  of  two  classes  each,  
were defined based on the reflection characteristics assessed from the four SPOT 4 satellite 
images and through in-situ ground reference data collection, and derived with supervised 
classification method in ERDAS IMAGINE. For the mosaicked 2005/06 classification image 
the overall accuracy was 73.3 percent, and the K value 0.7003 (66.38 percent and 0.6186 for 
the 2011 image) which represent moderate agreement according to Clark (2006), thus making 
the classification result reliable. In Dakatcha Woodland area, defined to be approximately 
200,000 hectares in size in this study, ‘woody vegetation’ formed the largest land cover type 
with 23.1 percent in 2011 (28.1 in 2005/06). The decrease can be related to larger percentage 
in ‘woodland’ classes (11.0 for ‘woodland closed’ and 9.7 for ‘woodland open’ in 2011 
compared to 7.3 and 7.9, consequtively, in 2005/06). The reflection from ‘woody vegetation’ 
is  related  to  the  canopy cover  and  thus  soil  reflection  that  comes  through,  which  makes  the  
class varying in reflection curves. This has possibly caused the different proportions between 
years and alteration to other classes. ‘Thicket’ class was found to be larger in 2011 (12.3 
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percent) than in 2005/06 (9.6 percent), which may relate to the decrease in ‘bushland’ class 
(4.5 percent in 2011 compared to 9.1 percent in 2005/06). The difference in reflection 
between these classes may be difficult to differentiate, which may have caused the change. 
‘Grassland’ class was also found to have increased: 18.9 percent in 2011 compared to 12.4 in 
2005/06. This is due to decrease in ‘bare areas’ class (from 6.9 percent in 2005/06 to 1.7 
percent in 2011). When the vegetation canopy is very shallow the soil reflects through it 
which causes confusion between these classes. This was especially visible in the western side 
of the area. Classification process is always dependent on the data and methods used, but also 
on  the  classifier,  and  the  context.  In  this  study,  the  main  focus  was  on  specifying  different  
forest classes in order to contribute to the management plans. 
FAO (2010b) stated that land use and land cover change is often driven by population growth 
and accompanying economic growth and development, which lead to demands for land to 
produce food, feed, fibre and fuel. Bryant et al. (1997) opined that these needs are usually met 
by agricultural expansion. A survey on forest cover change by Glendey in 2005 revealed a 
general decline of 40 percent for the forest areas including Dakatcha Woodland amounting to 
a loss of 710 hectares per year over the period 1990 to 2000 (Mbuvi et al. 2010). Land cover 
change analysis by Mwanikah (2008) showed a decrease of 19.3 percent of forest cover for 
the period 1975 to 1987; -48.4 percent (1987 to 2000) and -58.3 percent from 1975 to 2000. 
Changes in my study were actually quite the opposite – the woodland areas had actually 
slightly increased in Dakatcha Woodland context area, but it was found that forest areas are 
fragmented and the spatial distribution had changed. The differencies in defining the study 
area, land cover classes and classification process may explain the difference from previous 
studies. Concentrations of Brachystegia type woodland and Cynometra thicket still exist, but 
they  do  not  quite  coincidence  with  the  IBA  area  in  the  site.  In  fact,  the  IBA  has  very  little  
thicket, but still considerable areas of Brachystegia woodland that Nature Kenya (2008) 
considered to be the main breeding site for the endangered Clarke’s Weaver. The ‘woodland’ 
classes had decreased from 2005/06 to 2011 especially on the western block of the IBA, 
giving way to ‘agriculture’ and ‘woody vegetation’ classes. Some ‘thicket’ areas had 
increased outside the western IBA block – the change was from ‘woody vegetation’. The 
relevance of current IBA area definition should be questioned due to these findings, and 
special attention should be put to the division of different land use areas for the management 
plan. The IBA area does not serve as its current form for conservation purposes, for instance. 
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Anthropogenic factors have contributed to the change of land cover in Dakatcha Woodland, 
as has been stated before. Forest resource extraction for firewood and charcoal is one 
contributing factor. It was suggested in the socio-economic results that charcoal production 
has been severe especially on the western block of the IBA, around Mulunguni and Dakatcha 
villages,  both  by  locals  and  outsiders.  The  results  of  satellite  image  analysis  that  stated  
decreasing ‘woodland’ cover on that area support this information. Ruwa (2011) stated that 
the proposed area for Jatropha cultivations should not collide with forest areas, but the results 
of land cover classification prove otherwise – the site would still cover some ‘woodland’ 
parts. Further fragmentation of the woodland and thicket areas should be avoided in order to 
preserve conditions for birds to thrive in Dakatcha Woodland, but also in order to maintain 
the rich biodiversity of the area, and to promote the possibilities for sustainable livelihoods 
and income generating activities like eco-tourism. Biodiversity offers human beings multitude 
goods through the ecosystem services it maintains. Thus conserving Dakatcha Woodland has 
both social as well as environmental importance. 
Human land-use management practices related to livelihoods were found to be the most 
important factor influencing ecosystem services at local, regional, and global scales by 
Forman and Godron (1986) in Kepner et al. (2000). According to Soini (2006) the majority of 
the livelihood strategies in an agricultural setting involve reshaping the environment to 
accommodate production of commodities that the natural environment would not otherwise 
provide. The sustainability of land use processes thus depends on the way the environment is 
treated during the processes. Land use is thus a livelihood strategy: populations migrate to 
areas with agricultural potential; population growth may lead into expansion of agricultural 
lands but also to intensification and diversification and to sub-division of farms. Livelihoods 
can be sustained and improved by new commodities from efficient land use, but limited 
resources can lead to differentiation of livelihoods due to unequal access to land and natural 
resources (ibid.). Local livelihoods in Dakatcha are based on natural resource utilization, be it 
land or forest resources. Therefore their sustainable management is essential both for the 
environment and for the poor themselves. As the agricultural potential has become 
deteriorated and it does not provide livelihoods, other means need to be found. According to 
Soini (2006), off-farm income thus becomes crucial.  
 
Off-farm work, that includes wood extraction for woodfuel production, can increase the 
destruction of forests. Actually, in Kenya the deforestation and land degradation are mainly 
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driven by the demand for woodfuel. According to Diaz-Chavez et al. (2010) woodfuel 
accounts for 70 percent of all energy consumed in urban and up to 90 percent in the rural 
areas of Kenya. In this study it was found that the households utilize forest resources in 
various ways: all but two households obtained in average 41.9 head loads of firewood per 
month, and 54 households produced charcoal in the forests, in average 38.1 sacks per month 
each. 60 households obtained building material like timber, poles, material for ropes and grass 
from the forest, and 16 households collected medicinal plants from the forest. Forests 
provided also food to the local households. It was found that the distance from the forest edge 
did not really influence the amount of charcoal sacks produced by household where as in the 
case of firewood it seems that the closer to the forest edge the household was the bigger 
amount of firewood was obtained from the forest per month. Charcoal is still produced also 
by outsiders in Dakatcha Woodland, altough the amounts have been decreased due to 
advocacy work by Nature Kenya with the local population. This can be seen to have resulted 
in decrease of 60 percent in charcoal production in the area from 2005 to 2010 (Mumbu 2010). 
62 households in this study specified that there are outsiders, mainly from Bamba area, 
producing charcoal in the forests, mainly around Mulunguni. 
Households named more than 40 tree species that are used for firewood and charcoal: most 
commonly named tree species were: Mkami (Newtonia hildebrantii); Mrihi (Brachystegia 
speciformis); and Mkulu (Diospyros cornii). Besides these, the charcoal study done by Nature 
Kenya in 2005 found also Munago (Manilkara Mochisia) to be preferred for charcoal 
production (Mumbu 2010). The amount of woodfuels produced by assessed households is 
stricking: in total 3,603 head loads of fuelwood and 2,058 sacks of charcoal per month. That 
results in 51,450 kilograms of charcoal! Considering that in average two to four trees ? 0.15 
(to 0.3) meters in DBH are needed to produce 20 smaller sacks of charcoal, and the average 
selling price of one of those sacks is KSh100, a couple of trees produce KSh2,000, and 
consequently, the value of one tree is KSh500 to 1,000. Acknowledging these figures, one 
understands why the use of charcoal production as income generating activity is common. 
Land use and land cover change is also related to to land tenure and governance (eg. 
Skidmore 2002, CIFOR 2005), and especially the lack of proper management, unclear land 
tenure system and lack of title deeds were seen as main problems related to Dakatcha 
Woodland by Mbuvi et al. (2011). The unclear management situation deteriorate development 
possibilities for the area: MCC does not know the exact boundaries of the piece of land under 
its jurisdiction nor does it have a management system or a management officer in place. In 
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practice, different sections of the forest are being managed by specific clans or households 
(Mbuvi et al. 2011). However, the District Planning Physical Officer Riungu Mwenda argued 
that the land tenure disputes are not as severe in Dakatcha Woodland area as in many other 
areas inside the Malindi District. Recently, however, there had been conflict about the use of 
land especially related to the Jatropha curcas project which was supposed to cover a large 
area  of  the  Dakatcha  Woodland  (Mwenda  2011).  The  plan  of  MCC  was  to  zone  the  area  
around Dakatcha Woodland in four zones; Conservation zone, Farming zone; Settlement zone 
and to Jatropha investment zone. In April 2011, it seemed that the pilot project for 5,000 
hectares was to be accepted, but it was still waiting for approval from the national, local and 
community level. The project is disputed, because it states that it would bring jobs to the area, 
but  it  would  also  threat  the  biodiversity  as  Jatropha curcas is an invasive and water 
demanding species according to studies recited by East African (2010) and Kagema (2010). 
Furthermore, there was no guarantee that the ground aquifer could replenish the demanded 
boreholes, although those boreholes could also contribute to local households’ well-being. 
The MCC is actually planning to give away the land they hold in trust for the people of 
Dakatcha Woodland. According to Nature Kenya, any development initiatives should be 
planned to conform to conservation principles and that such planning should be done for and 
by the locals themselves. 
Many factors thus contribute to land cover change and deforestation in Dakatcha Woodland. 
Pressing needs of local livelihoods and outsiders as well as the social, institutional and 
political conditions mentioned by Eliasch (2008) may amplify the pressures towards forests in 
Dakatcha Woodland. According to Musila et al. (2006), the MCC has lacked financial and 
technical capacity to tackle the destructive activities that take place in the area. The forest 
mismanagement, although it can be seen to be more of a symptom than a cause, puts the 
sustainable management of forests in danger and therefor hampers the possibilities of both 
local communities and local biodiversity to thrive. 
6.3 Sustainable tomorrow? 
According to Chambers and Convey (1991) sustainable development suggests that 
environmental sustainability and human economic development are compatible, attainable 
and inseparable, enabling a situation where both development and environmental protection 
are  achievable.  Livelihood,  for  one,  is  sustainable  when  it  is  able  to  cope  with  and  recover  
from stresses and shocks and maintain or enhance its capabilities and assets both now and in 
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the future respecting the natural resource base. In Dakatcha Woodland the most pressing 
factors for the present unsustainable livelihoods and development are unsustainable forest 
resource extraction and underlying causes such as lack of alternative livelihoods and poverty, 
and unclear management situation. According to Hakkarainen and Wilska (2007) sustainable 
livelihoods would safeguard resources and opportunities for future generations, and not 
exhaust them as is currently witnessed in Dakatcha Woodland. For instance, the charcoal 
production techniques are lavishly using the wood resources without austerity. Sustainable 
livelihoods would also ensure the quality for life in an ecologically and socially sustainable 
manner. Currently, the resource utilization might be beneficial for the local livelihoods what 
comes to economic gains, although majority of the population is just safeguarding their 
survival, but socially it is not beneficial – generation after generation continues with lavish 
resource utilization due to lack of (environmental) education, suitable legal frameworks, un-
clear and un-just land tenure and bad management, and lack of viable alternatives. Sustainable 
livelihood would also secure participatory decision making, which is still not achieved in 
Dakatcha Woodland, proved by the promised leasing out of Trust lands for the Jatropha 
project by the MCC. According to Hakkarainen and Wilska (2007), the same practices and 
structures that are obstacles to sustainable livelihoods, create and sustain poverty.  
White and Mustalahti (2005) argued that it is recognized that many of the people living in 
vulnerable areas are usually the poorest and that many of the people living in close proximity 
to forest are poor. Somorin (2010) saw that the vulnerability of natural or human systems 
depends on the impacts it is exposed to and its resilience to accommodate these impacts. A 
vicious circle of poverty can be formed when people are not able to resist shocks like natural 
hazards, market fluctuations, conflicts and state actions which form the context of 
vulnerability according to the Sustainable Livelihood Approach Valkila (2007) spoke about. 
In the Figure 31, the SLA is modified to depict the situation in Dakatcha Woodland where the 
physical features like poor soils and unreliable rainfall, as well as policy settings (or lack of 
them), form part of the context of vulnerability. To secure livelihoods, people take advantage 
of livelihood assets, like forest resources. The livelihood assets also form the environment for 
the transforming structures and processes in the society that shape livelihoods both in 
controlling the context of vulnerability or by helping people to accumulate assets, but also by 
creating shocks through policies or legislation that affect adversely the livelihoods of the rural 
poor (Valkila 2007). In Dakatcha Woodland, the lack of regulation eases the use of forest 
resources and thus enables income generation, but it also contributes to the degradation of 
124 
 
natural environment and thus deteriorating livelihoods. People choose their livelihood 
strategies according to the context of vulnerability, livelihood assets and transforming 
structures and processes that are present in their lives (ibid.). In Dakatcha Woodland, charcoal 
production can be a viable livelihood strategy if forest resources are managed sustainably and 
if suitable settings for production are in place. Livelihood strategies define the livelihood 
outcomes that include material goods such as food and income, but also immaterial goods like 
increased contentment, well-being and reduced vulnerability. As Valkila (2007) stated, they 
influence people’s livelihood assets by either enhancing them or taking away from them. In 
Dakatcha Woodland, the livelihood outcome from charcoal production may be incrased 
income, but also degraded environment and deteriorated ecosystem services which influences 
negatively to local livehoods. 
 
Figure 31. The Sustainable Livelihood Approach (SLA) in the case of Dakatcha Woodland (modified from 
Valkila 2007). 
 
Skidmore (2002) said that the sustainable management of Africa’s land and forests can 
contribute towards wealth generation and help safeguard a range of environmental functions. 
The question is how the sustainable management is achieved. Sustainable land use and 
development are based on two critical factors according to Skidmore (2002): firstly, national, 
regional and local policy and leadership; and secondly, sustainable land use requires the 
participation by and benefits to local people in order to give them incentive to contribute 
positively to the settings. Sustainable management systems could include, according to 
Eliasch (2008): more efficient and sustainable agricultural production through increased 
productivity; sustainable forest management (SFM) supported by communities; promotion of 
off-farm employment opportunities; and participatory management of protected areas, among 
others. In order to maintain biodiversity and ecosystem services in the area and bring about 
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development, the sustainability of community based income generating activities (eco-tourism, 
beekeeping etc.) need to be developed further; sustainable models of land and forest 
management (PFM, agroforestry, farm forestry) increased; alternative sources of energy and 
devices that save energy must be supported; and land tenure must be safeguarded for all and 
the forest area must be adjudicated and zoned. These require increased cooperation between 
local communities, NGOs and administration. 
By and large, community control over the natural resources was found to be poor in most 
parts of the coastal strip in Kenya. As elsewhere in Africa, according to White and Mustalahti 
(2005), the government has assumed that forests and woodlands need protection from local 
inhabitants. Unfortunately, in practice, the states have been unable to assume the 
responsibility with often limited or no consideration for conservation or biodiversity 
protection, or for impact on or user rights of the local community (White & Mustalahti 2005). 
Kanyinga et al. (2008) opined that the state control has enabled land grabbing to occur in 
forest zones, but also eased the allocation of land to private investors that expropriate large 
areas of land in forest zones for monoculture plantations which often destroy local 
biodiversity, create landlessness, decrease the local food security, and increase social 
differentiation and poverty. This may be the case in Dakatcha Woodland, too, if private 
projects are approved. Hoorweg et al. (2003) reminded us that many times regulations exist 
but lack of co-ordination and implementation, and limited and ineffective surveillance 
capacity in governmental forces leads into abuse of regulations. Simplifying forest rules and 
regulations for smallholders would increase law compliance and decrease opportunities for 
discretionary decisions and subjective interpretations of the law by government officials and 
forest operators. FAO (2006) emphasized that in cases, when the legal frameworks can not be 
changed, management systems that give more rights to communities and smallholders should 
be developed.  
Lack of title deeds is a problem in Dakatcha Woodland: only one of the assessed households 
had title deed for their land although more than half of the households stated to own their land 
individually. Without secure land tenure and user rights locals are reluctant to participate to 
the sustainable management of forest and safeguard the forest ecosystem services, as stated by 
White and Mustalahti (2005) and FAO (2006). In fact, Eliasch (2008) claimed that without 
that sustainable forest management is not possible. Hakkarainen and Wilska (2007) opined 
that farmers need to have confidence in that the land they are using will remain within their 
family to assure that the investment of time and money will not be wasted. The writers saw, 
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however, that formalisation of the land tenure does not solely reduce rural poverty as also 
technology, capacity building, just access to market for agricultural and forest products, 
infrastructure and many other means of support are needed. 
Mustalahti (2007) argued that local governments and people can become effective forest 
managers if central governments are committed to institutionalize a decentralized natural 
resources management model and to build up the necessary human and physical resources. 
Mbuvi et al. (2011) informed us that tt is stated in the Kenya government policy that all 
reserved forests should be managed on the basis of approved management plans guided by 
sound forest management principles. FAO (2010b) opined that strict regulation or inequitable 
access, just like open access to forests can lead to illegal cuttings. Illegal cuttings may, 
anyhow, be essential for the local livelihoods but on the same time detrimental to the 
environment. Balance in the management is thus needed to safeguard the well-being of 
environment and local households. Management plan for Dakatcha Woodland is yet to be 
made, but a master plan was drafted in 2010 in a participatory way as Mbuvi et al. (2011) 
described. It hopefully creates a sustainable and participatory management for the area. 
 
Zoning  the  area  is  one  proposition  in  the  plan:  as  Dakatcha  Woodland  is  inhabited  and  
disturbed forest area, it should be kept in mind that the zonation should be done according to 
degradation levels of the forest: less disturbed as conservations areas; highly disturbed as 
settlement area which could be under farm forestry; areas with high biodiversity could be 
designated as protected (no-go-zone) areas (Mbuvi et al. 2011). White and Mustalahti (2005) 
proposed that the management of protection areas could be done by de-coupling and coupling. 
The previous shifts the economic interests of local people away from the exploitation of 
resources in a protected area through, for instance, improved agricultural practices and 
provision of new social infrastructure with supporting alternative income-generating activities, 
too. The latter combines the local people’s interests with the conservation objectives by 
supporting ecotourism, for instance (ibid.). Both approaches could be viable in Dakatcha 
Woodland as the local NGOs have supported the improved agricultural management models, 
and eco-tourism and other income generating activities. Afforestation programmes to provide 
alternative sources of firewood, poles, wood for carving etc. could provide another alternative 
to reduce the pressure on the woodland, as suggested by Mbuvi et al. (2011). Kinyanjui (1987) 
reminded us that sustained charcoal production, like crop production, is a land-use activity 
that must be included in all district or regional land-use development plans. 
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As the local population is undergoing difficulties in deriving necessary income from farming, 
Waaijenberg (2003) and USGS (2010) saw that there is a pressing need for sustainable and 
productive agricultural practices; education to farmers to ease the adaptation or technology; 
more effective storage; and improved market and transport infrastructure to improve the 
agricultural productivity and support local livelihoods. Wan Noordwick et al. (1998) saw that 
converting into more sustainable land use systems could reduce the rate at which degraded 
lands are formed and slow down forest conversion if the remaining forests were effectively 
protected. Agroforestry allows product diversification which, together with sound marketing 
strategies, can generate profits throughout year from the sale of trees, NTFPs and surplus 
crops. Furthermore, FAO (2006) stated that agroforestry systems offer important 
environmental benefits like soil protection. Several farm forestry activities supported by KFS, 
Kenya Forestry Research Institute (KEFRI) and NGOs involved in forest conservation were 
planned to take place in Dakatcha Woodland during 2011 according to Nature Kenya (2011a) 
and Mbuvi et al. (2011). Establishment of on-farm woodlots is encouraged through building 
capacity of communities and other stakeholders in tree planting to release the pressure on the 
natural forests (Mbuvi et al. 2011). It could also provide possibilities for more sustainable 
charcoal production that, currently, is one of the main livelihoods locals depend on. 
These improved agricultural management methods can be related to the Sustainable Forest 
Management (SFM) and Community Forest Management (CFM) that is practiced in Dakatcha 
Woodland as a model for SFM that Eliasch (2008) talked about. All changes in forest 
management towards participatory or community lead structures, however, require long-term 
technical, management and administrative support to forest communities (ibid.). This 
development is vital to the sustainable use of natural resources in the area, and should thus be 
supported more broadly. Waaijenberg (2003) argued that the Coast Province still faces both 
lack of productive land and well-paid jobs, lack of capital and skills or technology. 
Investment in rural infrastructure and in the urban and rural informal sector is thus needed in 
order to promote small-scale industries and rural enterprises, as opined by Hoorweg et al. 
(2003). Also tourism sector, that in recent years has experienced a slump with serious 
consequences in terms of employment and poverty alleviation (KNCHR 2006), needs to be 
developed. In fact, only one household in my assessment mentioned tourism as a livelihood 
source, although eco-tourism has been developed in the area. This may be due to specific 
locations – the household interviews did not take place close by the eco-tourism sites, and on 
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the other hand, the eco-tourism development may be concentrated to small areas leaving the 
majority of households actually without benefits. 
According to Nature Kenya (2008), the locals must be involved in locally based initiatives 
that will enable the utilization of the natural resources in a sustainable way. The master plan 
for Dakatcha Woodland, depicted by Mbuvi et al.(2011), discusses the possibilities to develop 
further community livelihood initiatives that can work as concrete ways to reduce poverty if  
factors such as management skills, quality, access to markets, and transportation, cited by 
White and Mustalahti (2005), are in place. Since 2006 Nature Kenya has worked with the 
communities living adjacent to Dakatcha Woodland in eco-tourism and beekeeping, for 
instance. Mbuvi et al. (2011) opined that the local conditions for both are proved to be good, 
but competing land uses and poor marketing and infrastructure together with unsustainable 
use of natural resources set challenges to the development of the sector. Market Analysis and 
Development (MA&D) designed by FAO (2006) was found to be promising model to develop 
locally based sustainable forest enterprises. It must be, however, safeguarded that the 
environment will not need to pay a price too high for developing the employment 
opportunities. Conservation and sound management of resources are of great urgency and the 
rich environment should be protected. 
Eliasch  (2008)  saw  that  the  payments  for  ecosystem  services  (PES)  could  provide  a  
complementary income for locals adjacent to forests. For instance, in areas that are zoned for 
eco-tourism instead of agricultural or other deforetating activities, tourist could pay a tax that 
would be shared among local people offsetting the lost income that was the result of 
restrictions imposed on harvesting forest (FAO 2006). A similar scheme to the ASSETS by A 
Rocha Kenya in Arabuko-Sokoke Forest should be developed also for Dakatcha Woodland.  
Despite the good intentions and initiatives for sustainable management of the land and 
livelihoods, the sustainability of charcoal production in the area is still of uttermost 
importance. Charcoal production is in place to fulfil the demand from towns. In order to 
combat tree logging for charcoal production it is not enough to gazette the area. That means 
charcoal production will take place in another place, and another place as long as there are 
trees left somewhere. Thus, as long as there is  demand and trees left,  charcoal will  remain a 
livelihood for local households in Dakatcha Woodland. Goldemberg (2000) opined quite 
rightly that any biomass harvested to make household fuels should be done on a renewable 
basis to ease pressure on forests and other ecosystems, or otherwise the charcoal production 
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cannot be seen as a viable livelihood for the future. Sound policies and strategies are vital to 
ensure that charcoal production is not only environmentally sustainable but also increases its 
role as an agent of sustainable rural development: FAO (2010a) stated that woodfuel 
production should help to create, maintain and expand sustainable livelihood for the poor. 
Kinyanjui (1987) argued that increased production of raw materials from existing woodlots 
and newly created sources of supply is important. For this, FAO (2010a) stated that multi-
purpose production systems, such as agroforestry, can generate multiple benefits for poor 
rural communities. According to Ruwa (2011), increase in agroforestry to produce charcoal 
from planted trees instead of indigenous forest is needed in Dakatcha Woodland. 
Overharvesting of forest resources should be avoided, the charcoal industry should be 
formalized and regulated, charcoal makers should be provided with a range of suitable 
technologies that best suit local conditions, charcoal productions from residues and plantation 
timber should be promoted through pricing and appropriate policies, charcoal-production 
technology should be invested in, and forest planners, extension agents and charcoal makers 
should be trained as listed by FAO (2010a). Improved efficiency in charcoal production was 
seen by FAO (2010b) to offer local benefits by improving the delivery of energy services, 
reducing impacts on health and the environment, and saving money. 
Kenya  Forests  Act  from  2005  stated  that  licenced  harvesting,  that  is  the  only  legal  way  of  
harvesting forest produce for commercial porposes, must not cause damage to the trees, soil 
or other forest resources (GOK 2009). It continued: endangeroud, threatened and protected 
plant species must not either be used for charcoal production (ibid.). Anyhow, these resources 
are used in Dakatcha Woodland. The semi-illegal and part-time nature of charcoal production 
makes few charcoal-makers willing to invest in improved charcoal kilns because of the risk of 
punitive official measures and taxes. For this reason, dissemination of improved charcoal 
techniques to the informal sector has, according to FAO (2010b), proved difficult. This gives 
incentive both to legalize the charcoal industry and improve capacity building. Furthermore, 
although the charcoal business would not function without demand and intermediants, the 
charcoal-maker is considered as the agent of environmental degradation (Kinyanjui 1987), 
which diminuishes the acknowledgement of the unsustainability of the whole supply chain. It 
was also found that the semi-illegal nature also maintains the charcoal production as part of 
the informal economy and thus outside tax system that, if properly handled, benefits society 
as a whole (Hakkarainen & Wilska 2007). The illegal charcoal needs to be transformed to 
legally produced and sustainable charcoal from agroforestry or plantation forests. This is 
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promoted by the Charcoal Regulation that aims at environment-friendly and sustainable 
production. It is, however, not respected especially in the remote areas of the country like 
Dakatcha Woodland. Reasons include, among others, lack of resources in control and bribing, 
which Ngari (2011) thought is the case in local administration and County Council level. The 
opinion of the Marafa Government Office (2011) was similar: there are not enough resources 
from the part of the forest service or administration to guard the production of charcoal. A 
strong sustainable monitoring structure ,which will involve the local community, need to be 
established for Dakatcha Woodland, too, according to Musila et al. (2006).  
White and Mustalahti (2005) argued that improved stoves can decrease the pressure on forests 
and the workload of women in collecting firewood due to decreased need of woodfuel, and 
improve the environment within houses, due to decreased smoke. Kenya Ceramic Jiko (KCJ) 
was presented as an example of an improved charcoal-burning stove that has been 
successfully produced by large number of small producers since 1982 (Anderson et al. 1999; 
Eberhard 2000). However, the utilization rate of improved stoves has remained low (KNBS 
2007). Improved stoves must meet the needs and preferences of users as a stove is not merely 
an  appliance  for  heating  food,  but  it  often  acts  as  social  focus,  means  of  lighting  and  space  
heating. In the rural self-sufficient economy life contains many risks and uncertainties as the 
main aim of production is to safeguard one’s own subsistence. This leads into avoiding taking 
risks and into approaching new inventions and experiments with caution (Todaro 1988 in 
Hakkarainen & Wilska 2007). This may contribute to the lack of willingness to start to use 
modern devices such as improved cooking stoves. 
In order to lower the demand on charcoal other means of sustainable energy provision and 
utilization must be developed and subsidized. This can mean subsidies to electricity and 
cooking oil, education on the effects of fuel wood and charcoal smoke to health, developing 
more efficient cooking methods in order to lessen the amount of charcoal used, developing 
solar power cookers etc. Anderson et al. (1999) and Rogner (2000) discussed the possibilities 
to promote sustainable energy production via biofuel plantations. According to Anderson et al. 
(1999) large-scale production of biomass can be environmentally sustainable if the rate of 
extraction is controlled; the wood resource is replaced and regenerated; and plantations of 
suitable trees are utilized. Otherwise, the biofuels pose a threat to the ecosystems. Increasing 
fuel prices further set demands for other sustainable energy sources like photovoltaic energy 
which was stated to have world’s highest household penetration rate in Kenya by Goldemberg 
(2000), although the reality in Dakatcha Woodland tells differently. Solar thermal energy is 
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another option for space heating and cooling, water heating, crop drying and solar cooking: 
Integrated Food Security Program (IFSP) has created a food warmer of insulating banana 
leaves and cloth to which the pot is wrapped before it is put in a basket (IFSP 2004). That 
could be a viable idea to be disseminated also in Dakatcha Woodland. However, the lack of 
government seriousness related to sustainable energy discussion was seen to oppose the 
development and larger delivery of these energy saving cookers, according to the Nature 
Kenya Conservation Program Manager Alex Ngari (Ngari 2011).  
Local households depend on the forest resources and other ecosystem services that are 
provided by Dakatcha Woodland. It is thus necessary that the locals acknowledge the 
destructive nature of excessive forest use. 82.5 percent of the assessed households could name 
consequances of excessive forest use: less reliable rainfall and prolonged droughts were 
considered as the most severe ones followed by increased soil erosion; loss of species; 
increased winds; increased fires; poverty; decreased building materials and resting place or 
shelter for animals. Local households were willing to conserve Dakatcha Woodland: 88 out of 
89 households wanted formal protection for various reasons. Most stated was: “for our own 
use and for the future generation”. 36.1 percent of the households saw that the best use of 
forest  would  be  conservation,  where  as  a  mere  third  claimed  for  farming,  and  a  quarter  for  
sustainable use of land and forest. One third of the households saw that poverty is the main 
hindrance to the best utilization of the Dakatcha Woodland where as 14.1 percent mentioned 
the lack of title deeds, and 9.6 percent blamed the community itself to be the main restraint by 
allowing outsiders to use and destroy land and resources. 8.5 percent of the households saw 
that the lack of responsibility by the government is the main hindrance, while another 8.5 
percent claimed that lack of knowledge on the importance of the woodland and its 
conservation was the main hindrance. Half of the households would conserve the woodland 
by planting trees, and a mere fifth would use methods of agroforestry. These are the best 
viable ways to start to build a sustainable future for Dakatcha Woodland. 
 
7. CONCLUSIONS 
Conducting the study took a lot of time and effort, but it gave me a wonderful opportunity to 
envolve myself in topics that relate to sustainability of livelihoods and forest resources, 
ecosystem and energy services, problematics of resource utilization and land management. 
132 
 
My background as a development geographer with a minor in GIS and RS gave me a good 
starting point to conduct the research, but along the way I learned so much. Combining Social 
and Natural Science methodologies and theories and taking the hermeneutical understanding 
of the world and events that cause it to change described by Critical Realism as a guiding 
paradigm  for  the  study  gave  a  more  broad  view  on  the  study  objectives,  and  more  ways  to  
discover answers. I found out that research should be done eyes open, always thinking about 
the  interconnections  issues  have,  thinking  about  the  system with  all  its  parts  but  also  giving  
full attention to the tiniest issue when it is needed. 
The world is a complex where all things influence each others. Acknowledging this, all 
research becomes both more challenging but also more interesting. Many themes from this 
study could be elaborated further. One could find out about the land cover change in a more 
long time spin or continue research on the sustainability of the energy sector. This study took 
a holistic view to find out how the charcoal production (with interrelated issues) influence the 
changing environment and local livelihoods in Dakatcha Woodland and what could be done to 
increase the sustainability of current situation, both regarding the environment and the local 
livelihoods. 
Good news! According to the findings it seems that the local communities are willing to 
preserve Dakatcha Woodland – provided that they will get alternative livelihoods instead of 
the ones, like charcoal production, that they currently depend on. Cooperation between 
different stakeholders is prerequisite for the sustainable management of the area – everyone 
must recognize that there are differing interests from different stakeholder groups that should 
all be taken in to consideration when planning the future of the woodland. Both local 
livelihoods and development, and the biodiversity must be enhanced to allow the sustainable 
coexistence of humans and healthy environment.  
A change to sustainable land and forest managent models is needed along with environmental 
education both to local communities and to decision-makers. The state of environment needs 
to  be  monitored  in  order  to  be  able  to  detect  changes  in  the  land  cover,  and  the  causes  and  
consequances of these changes. All the stakeholders should understand the interrelations 
between biodiversity, ecosystem services and destructive nature of human livelihoods – the 
realization of destructiveness of one’s action may be enough to start to change things. In short, 
human-nature relationship must be made sustainable today in order to allow the future 
generations to enjoy the area tomorrow. 
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 APPENDICES: 
APPENDIX 1 Questionnaire form 
 
DAKATCHA WOODLANDS FOREST RESOURCE USE QUESTIONNAIRE       No : 
 
Name of enumerator _____________________   Date___________  Time start_________    Time end________ 
GPS coordinates / location _____________________________________ 
How is the interviewee related to issue? is he/she: charcoal producer / middle man / transporter / buyer /other 
(specify) 
*A household (HH) is defined as those who eat together, i.e. by the same cooking pot or fire 
1. INFORMATION ON INTERVIEWEE/S 
1.1.  
Name of the 
head of the HH 
Name of the 
Respondent  
Relationship 
with the 
head of the 
HH  
Main 
livelihoods of 
the HH 
 
Total No of 
people in 
the  HH  
in DW 
since 
year 
      
  
Relation to HH  Livelihood   
1.  Husband  1.  Salaried employment   
2.  Wife  2.  Farming   
3.  Son  3.  Charcoal burning 
4.  Daughter  4.  Small business 
5.  Grandchild  5.  Tourism 
6.  Others specify 6.  Others (specify) 
 
1.2. Is the head of the HH a woman?       Yes/ No, If Yes, is she: unmarried / separated / divorced / widow  
Circle answer 
2. SOCIO-ECONOMICAL DATA 
2.1. Level of education of the HH members. Mark the number of people in each level, and indicate head of HH 
with (H). 
? none   ? primary drop-out  ? college 
? adult literacy   ? primary   ? university 
? children under school age  ? secondary drop-out                          
? nursery   ? secondary                          
? other (specify) _____________________   
2.2. Housing 
? Permanent blocks/ Mabati roof     
? Semi permanent/Mabati  
? Mud wall/mabati 
? Mud wall/Makuti roof 
? Bad condition mud or makuti wall /kibanda/old makuti roof 
 
 2.3. What are the main sources of HH income and the percentage contribution?  
? Salary            %  ? Casual work                     %      ? Sale of farm products    % 
? Sale of forest products       %    ? Remittances from relatives      %     ? Kiosk/ other business     % 
? Other sources (specify) ___________________________________________________________% 
 
2.4. Does the HH own Livestock?  
? Cattle, how many ________   ?  Goats, how many _______   ?  Poultry   
 
2.5. If the HH is given an extra source of income, what would be the first priority? 
? Education   ? Water provision  ? Improve housing 
? Improve livestock ? Improve crops  ? Health service provision 
? Other (specify) 
_______________________________________________________________________________
  
2.6. Land and Resource Use  
2.6.1. Please provide the following information regarding HH (circle the correct answer): 
Land Tenure System: 1= Customary Tenure,  2=individually Owned, 3= Leasehold, 4= Squatter 
Acreage of (owned) land 
homestead: 
cropland: 
grazing land: 
woodlot: 
2.6.2. Is the land registered (have title deed)? Yes / No 
2.6.3. What is the distance of the HH to water source(s) (specify which type):____________________________ 
(km) 
2.6.4. What is the distance of the HH to forest edge:____________________________________________ (km) 
2.6.5. Name the HH forest use(es) / benefit/s and the amounts per week:  Tick all appropriate answers 
? Charcoal kg / head loads per week  ? Firewood  kg / head loads per week 
? Agroforestry  ? Bushmeat  ? Medicinal plants
  
? Source of Water (Irrigation, Livestock, Drinking water, other Domestic use) ?  Spiritual 
Other uses (specify) _____________________________________    
2.6.6. If HH produces charcoal, is the charcoal produced in: 
? own land  ? customary land  ? other (specify):________________________ 
2.6.7. Who produces the charcoal in the HH? 
_______________________________________________________ 
 
 2.6.8. Is the charcoal produced for (specify the amount): 
? HH use  kg  per  week   ? selling  kg per week  
2.6.9. If the charcoal is sold, how much the HH gets from a bag (20kg) of charcoal (ksh)? 
____________________ 
2.6.10. To whom the charcoal is sold to? 
__________________________________________________________ 
2.6.11. Name the crops cultivated on your farm for the last five years and indicate if they are for sale (S) or 
consumption (C): 
? Maize ? Tomato ? Cow peas / Green peas ? Mabenda ? Kale / sukuma wiki 
/Mchicha  ? Green pepper / pilipi hoho  ? pineapple ? mango 
 
Others (specify)_____________________________________________________________________ 
 
2.6.12. What problems are you experiencing in agriculture generally? Tick all appropriate answers (number 1 
for the first mentioned) 
? Unreliable rainfall ? Poor soil quality ? Unstable crop yields  
? Pests and diseases  ? Wild animals ? Insufficient financial resources 
? Serious environmental degradation  ? Unreliable markets 
Any other (specify)__________________________________________________________________ 
 
3. COMMUNITY AND ENVIRONMENT 
3.1. Group involvement 
3.1.1. Do you or any member of your HH belong to any community group? Yes / No  
3.1.2. Which ones? What activities do the groups involve in? (Fill in the table below) 
Name Of the Group Type (E.G Church, 
Women Etc) 
Purpose Of the Group Position Held In 
the Group 
    
    
    
3.2. Environmental awareness 
3.2.1. Name species of wild trees and shrubs found in your location: 
Name Main Uses 
  
  
  
  
  
Main uses codes: 
1) Firewood 
2) Charcoal 
3) Building pole/timber 
4) Medicinal 
5) Making furniture 
6) Making baskets / 
7) mats/ropes  
8) Wild fruits  
9) Other (specify) 
   3.2.2. Name wild animals found in your location? 
Name Benefits Threats /hasara 
   
   
   
 
3.2.3. Is the HH interested in forest management (ungetaka Kuona Msitu wa Dakatcha umehifadhiwa)? yes / no, 
specify reasons: _____________________________________________________________________________ 
__________________________________________________________________________________________ 
3.2.4. Is the HH aware of the effects of excessive forest resource use (inc. tree cutting) on the local 
environment?  
yes / no, specify the effects:___________________________________________________________________ 
4. DAKATCHA WOODLANDS 
4.1. Are outsiders using DW?  Yes / No / I don’t know, if yes: 
4.1.1. For which purposes they use the forest?  
__________________________________________________________________________________________ 
4.1.2. Name the area(s) they come from:   Estimate the distance from the 
location (km): 
_______________________________________  ___________________________________ 
_______________________________________  ___________________________________     
_______________________________________  ___________________________________ 
4.2. According to the HH what would be the best use of DW? 
__________________________________________________________________________________________ 
4.3. What is hindering the best use of DW? 
__________________________________________________________________________________________ 
4.4. In your opinion should the DW be protected? Yes / No, 
specify reasons:_____________________________________________________________________________ 
__________________________________________________________________________________________ 
4.4.1. If the protection would generate income for the community, what would be the best way to use the 
money? 
__________________________________________________________________________________________ 
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    Using bands: 1 2 3 4  
    Taken 3 at a time 
 
Class 
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                                 2: 8   2: 9   2:10   3: 4   3: 5   3: 6   3: 7 
                                 3: 8   3: 9   3:10   4: 5   4: 6   4: 7   4: 8 
                                 4: 9   4:10   5: 6   5: 7   5: 8   5: 9   5:10 
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Signature Separability Listing for SPOT 4 2011b image 
    File: i:/kenia11/so11001523001-01/2011b_me.sig 
    Distance measure: Transformed Divergence 
    Using bands: 1 2 3 4  
    Taken 3 at a time 
 
Class 
   1   water      2   woodland bc      3   woodland bo      4   woody veg       5   thicket        6   bushland                                                 
   7   agriculture 1       8   agriculture 2        9   grassland        10   bare soil                                                
 
Best Minimum Separability 
   Bands         AVE    MIN    Class Pairs: 
                                 1: 2   1: 3   1: 4   1: 5   1: 6   1: 7   1: 8 
                                 1: 9   1:10   2: 3   2: 4   2: 5   2: 6   2: 7 
                                2: 8   2: 9   2:10   3: 4   3: 5   3: 6   3: 7 
                             3: 8   3: 9   3:10   4: 5   4: 6   4: 7   4: 8 
                             4: 9   4:10   5: 6   5: 7   5: 8   5: 9   5:10 
                             6: 7   6: 8   6: 9   6:10   7: 8   7: 9   7:10 
                             8: 9   8:10   9:10 
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                                1986   1679   2000 
 
Best Average Separability 
   Bands         AVE    MIN    Class Pairs: 
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                           4: 9   4:10   5: 6   5: 7   5: 8   5: 9   5:10 
                           6: 7   6: 8   6: 9   6:10   7: 8   7: 9   7:10 
                             8: 9   8:10   9:10 
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                               1989   1790   2000   1812   2000   1993   1867 
                                  2000   1886   2000   1849   1834   1975   2000 
                                  1815   2000   1994   2000   2000   2000   2000 
                              2000   2000   2000   2000   1989   1472   2000 
                                1986   1679   2000 
 
 
 
 
 
 
 
 
 APPENDIX 3  Important and Common Plant Species in Dakatcha Woodland 
Plant Species Of Dakatcha Woodland, Marafa – Magarini  
(Mwanikah 2008 & Mbuvi et al. 2011) 
 Giriama Name Watha Name Botanical Name 
1 Mrihi Sorso Brachystegia speciformis 
2 Mwamba Yamitcha Afzelia quanzesis 
3 Mwadiga Dhiga Aldenia obesum 
4 Mfungatsanzu Chinina Haplocelam Inoploeum 
5 Mkukube  Maerua decumbens 
6 Mnyumbu Handharak'u Lannea Schweinfurthii 
7 Mshinda alume Sogorsa Combretum Illairii 
8 Mguoguo Boja Shiloler Antiaris toxicaria 
9 Mtsula Pengo Haria Komoro Cissus quadrangularis 
10 Madzala Shilole korm Uvaria lucida 
11 Mtondo Hidhi Solanum incanum 
12 Mtsedzi Kuragi Manikara sulcata 
13 Mdzipo Kukube Salacia mombaseae 
14 Mdhahabu Mukishati Ocna thomasiana 
15 Mdimutsaka Mdimu Badha Suregada undata 
16 Tola Mtola Commiphora africana 
17 Chaa K'alaule Eurphorbia Nyikaensis 
18 Mfunda Mfunda Cynometra webbri 
19 Mkirindi Uchum Psydrax Kaessneri 
20 Mboho Muki mashakaa Securinadaca longependunculata 
21 Mtiri Boja mungulule Combretum collinum 
22 Mliwa Muki Finisaa Tarena graveolus 
23 Musokoke Saakutcha Dhima Memesalum sokokensis 
24 Muambowamimbire Muki- Hin Dhole Psydrax faulkneri 
25 Maziwaziwa Ngilacha Hunteria zylanica 
26 Mtsula Mbega Mukithiru  
27 Mkayukayu Horoutcha Ozoroa obovata 
28 Mgirimacha Girmachi Psydra ulhilingii 
29 Munwamadzi Gale Noya Ampecissus africana 
30 Mfuranje Burruri Glaucum Canthium  
31 Mlolombuzi Muki-goo-jama Boscia angustifolia 
32 Mkwakwa Koroutcha Strychnos madagascariensis 
33 Mvila Wadhidhi Eurphorbia tricalli 
34 Mrori shilole Uvaria acuminata 
35 Ngonge Ngonge Sanseviera robusta 
36 Mutserere Muserere Husulondia opposita 
37 Mtunguu  africanum Thylachium 
38 Mkukumbe  Sclerocarya birrea 
39 Ria Obe adhi Pyranacantha kaurabassana 
40 Muyama Kethethi Croton pseudopulchelus 
41 Mkone Haroru Grewia plagiophylla 
42 Mbathe Kararacha Strychnos henningsii 
43 Mparura Gorsa acacia vaughanii 
44 Tundukula Hud'aa huda Ximenia americana 
45 Mfunda Mweupe Saakutcha Cynometra lukei 
46 Mubirandu Borra Oldefia Somalensis 
47 Kitsapo Balacha Encepartos hilderbrandti 
48 Mluswa Mungulule Korm Nectalopetalum Kaesssenerii 
49 Murembe ganga D'alanch Hibiscus micranthus 
 50 Msufi Mwitu Bamba Bombax rhodognopholum 
51 Mwanga K'urrubo Terminalia Spinosa 
52 Mguji Gorra Gurrachi Acacia tomentosa 
53 Mdungu Gadayu Zanthoxylum Chaleabium 
54 Mvuma Nyuki dunfu Lukua Agathesamum bojorii 
55 Mkuha Garse Dobera glabra 
56 Riariru Obe Gurathi Adenia globosa 
57 Mporojo Samicha adhi Albizia anthelmintica 
58 Mhowe Daanis Thespesia danis 
59 Mutsengezi Bururi Korm Caturiaregum nilotica 
60 Mtsemeri Kalkach gurachi acacia nilotica var. festula 
61 Mukulu K'olathi Diospyros comii 
62 Mkone Koma Haroru Korm Grewia tanix 
63 Mjungu moto Adhe Salvadora persica 
64 Mvujeyatsi Gururi Carisa tetramera 
65 Mkwembe Thakidaa commiphora edulis 
66   Acacia mellifera 
67 Mbuyu Gorsa Adansonia digitata 
68 Kitozi Hargesi aloe volkensii 
69 Ngonge Hajiju Agave sisalana 
70 Mkode  Thevetia peruviana 
71 Muhumba Kolathi Korm Cassia abbreviata 
72 Mkukumbe  Sclerocarya birrea 
73 Chaa Rorogithi Eurphobia candelabrum 
74 Muhina Hina Lawsonia imemes 
75 Mulungu Walesi Erithrina abbysinica 
76 Mbanje Thirojanthi laga Teclea Nobilis 
77 Munzaiko Ege arbaa Aspyragus racemosus 
78 Mvuma nyuki  Premna cladoclada 
79 Mbanje Kuro Thirojanthi laga Teclea tradicarpa 
80 Mbathe Kon kooon Diospyros consolatae 
81 Mjafari Gadayu Zanthoxylum Chaleabium 
82 Mkingiri Mukingiri Discostachys cinera 
83 Mkwaline  Acacia nubica 
84 Chendepaka Orbis warsea Grewwia mollis 
85 Mhenga Kululu Hames Acacia xynthoploea 
86 Mtundunguru  Thaelicium africanum 
87 Tamarindus indica Roka Mkwaju 
88 Mjaji  strychnos spinosa 
89 Mguoguo Mangula Antiaris toxicaria 
90 Mtsungurira Kuzimu Mukunyakuzi Deinbolia borbonica 
91 Mkwamba  Muki imua Flueggea verosa 
92 Mwalagakuku  Turrea robusta 
93 Musasa Sorgorsa Cordia monoica 
94 Mpamba mwitu Pamba badaa Gossypiodis kirkii 
95 Mguji Gora Cassia andenocalix 
96 Mfunda Mweupe Saakucha athi Creibia brevicaudata 
97 Muuza Nyama Ule durfaa Enhretia 
98 Mfudzo Irba Garsenia livingtonii 
99 Mkami Waredhe Newtonia hildebrantii 
100 Myama Nyika Kae thathi korm Croton Menhartii 
101 Muhuhu Watho Brachylaena huilensis 
102 Munago  Manilkara Mochisia 
103 Mbagazembe Bamba Newtonia paucijuga 
 104 Mhirihiri Wonokoon Warbungia Stuhmani 
105 Utsungu Hada Accocanthera schimoperii 
106 Mbavu ngombe Biabiyo Korm grewia hostzi 
107 Mkulu K'olathi Diospyros cornii 
108 Mkimwemwe Irba Gardenia volkensis 
109 Mukoro  Hugoma calteneifolia 
110 Kadzipo Nzala  Salacia Madascarensis 
111 Mbage na mbage  Diospyros Zanzibarica 
112 Mmasudzi  Cassipourea euriyoides 
113 Mfudu Muki k'u faa Vitex ferrugiana 
114 Muungo  Londorphia Kirkii 
115 Mgandamwe  Arypetes natalensis 
116 Mng'mbo  Manilkara Zanzibarensis 
117 Mkunambawa nyika  Xylopia arenaria 
118 Muria Kitu  Maytenus undata 
119 Mthema Kwalala Soso korm Pleopsis tetraptera 
120 Mkigoda  Canthium Mombasae 
121 Mchocho  Heinsia crinita 
122 Mtsungwi  Dialium Orientale 
123 Mzahe Guba lesi Julbernadia Magnistipulata 
124 Mbage na mbage  Rynorea Squarrosa 
125 Mkiriango Gale tirochu Schylecterina miltostemmatoides 
126 Mbogaboga  Pyschotria amboniana 
127 Mvujeyatsi  Carissa tetramera 
128 Mkorosho  Anacadium occidaniale 
129 Mwembe  Mangifera indica 
130 Mukonga  Balanites aegyptica 
131   Cadaba feruhosa 
132 Kavilambodze  Bowiea Vulubilis 
133 Murunza Paa Pano Neosogodonia africana 
134 Kasembeke   
135 Muthupa  Mundulia cirecia 
136 Mtserere mwitu  Chazelliana abrupa 
137 Mlolombuzi  Maerua decubens 
138 Mkololo  Ludia margratiana 
139 Mkonga Badama Balanites aegyptiala 
140 Mkoko bara  Pychotria bilirachtiata 
141 Kikwaju  Allophyllus paruillei 
142 Mnyanga kitswa  Cida Ovata 
143 Kikwatha  Acacia rovumae 
144 Mathenge  Prosopis juliflora 
145 Mkanju  Cashew nut  
146 Mshomoro  Lantana camera 
147 Mrazi  Cocus nucifera 
148 Mkunde  Cowpeas 
149 Matsere  Zea mays 
150 Murabu  Pumkin 
151 Mdhahabu  Ochna helstziana 
152 Mbono  Ricinus comunis 
153 Mbono koma  Jatropha carcus 
154 Dimu  Lemon 
155 Chungwa  Orange 
156 Mng'ambo Kapehe  Mimusops fruitcosa 
157 Mtondoo  Calophyllum inophllum 
 158 Mkayamba  Delonix regia 
159   Vepris Lanceolata 
160   Ugenia sp 
161 Mtsengezi  Caturiaregum nilotica 
162 Mtsami  Sidroxylon irnemes 
163 Mtandamboo  Carissa edulis 
164 Chaa cha Kizungu  Opuntia vulgaris 
165 Mvunza jembe  Deiribolia Dorbonica 
166 Mubunahukwi  Boureria petiolaris 
167 Mdunga tundu  Flocourtia indica 
168 Karama Kathithe   
169 Mnanasi   
170 Mkapu   
171 Kasamoho   
172 Mulanza Mwaruhe   
173 Mutsami  Sydroxylon Irnemes 
174 Mfune Walesi Steculia appendiculata 
175 Mtoro Alango Terminalia  
176 Mjilore Abakarayu Carpodiptera africana 
177 Mgurure Mngulule Combretum stutilmanii 
178 Msumari bora Mukichopaa Lanchocarpus bussei 
179 Mwembe kaka Membe badhaa Vismia orentalis 
180 Mguguna  Ormocarpus Kirkii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 APPENDIX 4 Problem situation analysis of Dakatcha Woodland (Mbuvi et al. 2011: 30-32) 
 
 
Problem Causes Indicators Mitigation measures 
Poverty Lack of 
alternative 
sources of 
income 
Low rainfall 
Cultural 
taboos/practice 
Early marriages 
Low income levels 
Poor housing and 
sanitation 
Malnourishment 
High school dropouts 
High dependency on 
relief foods 
Low investments 
Increased crime 
rates 
Diversification of income sources 
Community capacity building 
Adoption of modern agricultural production 
Sensitization on change of attitude, behaviour, 
cultural practices 
Encouraging the development of micro-finance 
enterprises  
Creation of employment opportunities by 
encouraging investment and cottage industries 
Encourage the community to invest in education 
Promote guidance and counselling for the sake of 
girl child education  
Weak 
institutional 
framework 
Poor 
governance 
Weak political 
systems 
Lack of political 
goodwill  
Drunkenness  
Thuggery 
Charcoal burning 
Forest 
encroachments 
Poor land use 
planning   
High incidences of 
murder 
Enforcement of the provisions of the new 
constitution 
Civic education 
Proper planning and consultations  
Participatory management and decision making 
processes 
Deforestation Poverty 
High demand 
for forest 
products 
High population  
Demand for 
settlement and 
agricultural land 
Competing land 
uses  
Low forest cover 
Loss of indigenous 
tree species 
Loss of wildlife 
habitats 
Erratic rainfall 
patterns 
Flash floods 
Accelerated soil 
erosion 
Rehabilitation of degraded areas 
Zonation of the forest areas 
Capacity building 
Formation of community forest groups 
Promotion of farm forestry initiatives 
Law enforcement 
Provision of alternative sources of livelihoods 
Encouraging efficient use of the forest products 
Encouraging adoption of energy saving 
technologies e.g. energy saving jikos 
Adopting  of PFM approach to woodland 
management 
Forming  CFA  
Implementation of Dakatcha woodland master 
plan.  
Land tenure 
system 
Historical land 
injustices 
No land survey 
and 
adjudication 
None 
enforcement of 
land policy  
Land is either 
communal or trust 
land  
Trust Forest 
degradation  
Haphazard land use 
Land use conflicts 
Enforce the new land policy 
Proper physical planning and zonation of existing 
trust and communal lands 
Encouraging of the acquisition of legal land 
documents 
Encourage the coordination of land use among 
various stakeholders 
Soil 
infertility/poor 
soils 
Continued use 
of land for a 
long time 
Mono-cropping 
Leaching  
Soil erosion 
Poor soil 
structure 
Shifting cultivation 
Low yields 
 
Use of organic and inorganic fertilizers 
Surveying & consolidation of land  
Use of soil conservation measures 
 Ignorance/ 
illiteracy  
Low levels of 
education 
Lack of 
exposure 
Ineffective 
awareness 
raising levels by 
change agents 
Low adoption of 
technology 
High school dropouts 
Early marriages 
High cases of 
witchcraft  
Strengthen extension service delivery facilities 
Enforce the mandatory free primary and 
secondary learning 
Strengthen adult education learning system 
Build new/equip existing education facilities 
Employ more teachers/tutors 
High 
population 
growth 
Early marriages 
High fertility 
levels 
Idleness and 
ignorance 
Low levels of 
education 
Polygamy  
High numbers of 
household members 
High dependency 
levels 
Overcrowding in 
institutions (schools, 
hospitals etc) 
High frequency of 
child births 
Encourage acceptable family planning methods 
Sensitization on planned births for the benefit of 
the child and the mother 
Discourage early marriages 
 
Climate Change 
Negative 
Effects 
Cutting down of 
trees, 
global warming 
industrial 
effluents  
frequent droughts 
and floods 
extreme 
temperature 
regimes 
Emergence of pests 
and diseases e.g. 
cancer 
Unpredictable 
weather patterns 
Massive reforestation 
Encouraging farm forestry 
Promote use of alternative energy sources 
Encourage small scale irrigation schemes 
Plant drought tolerant crops and trees 
Reduce emissions of HCFCs and other CFC into 
the environment. 
Promote carbon trade  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 APPENDIX 5 Classification accuracy assessment reports  
----------------------------------------- 
2005/06 MOSAIC IMAGE 
   
Image File : i:/gradufilet/0193135001_2005a/05_06_mosaic.img 
User Name  : emr 
Date       : Sun Mar 13 23:33:18 2011 
 
ERROR MATRIX 
------------- 
Reference Data 
Classified Data Unclassifi  Water   Woodland bc  Woodland bo  
--------------- ---------- ---------- ---------- ----------  
   Unclassified          0          0          0          0  
          Water          0          5          0          0  
    Woodland bc          0          0         10          1  
    Woodland bo          0          0          1          7  
      Woody veg          0          0          0          0  
        Thicket          0                    0          0          0  
       Bushland          0          0          0          0  
  Agriculture 1          0          0          0          0  
  Agriculture 2          0          0          1          0  
      Grassland          0          0          0          0  
      Bare soil          0          1          0          0  
    Column Total          0          6         12          8  
 
Classified Data  Woody veg   Thicket  Bushland   Agricultur  
--------------- ---------- ---------- ---------- ----------  
   Unclassified          0          0          0          0  
          Water          0          0          0          0  
    Woodland bc          1          0          1          2  
    Woodland bo          1          0          2          0  
      Woody veg          9          0          2          2  
        Thicket          0          7          1          0  
       Bushland          0          0          8          0  
  Agriculture 1          1          0          0          6  
  Agriculture 2          0          0          0          0  
      Grassland          0          0          0          2  
      Bare soil          0          0          0          1  
   Column Total         12          7         14         13  
     
Classified Data Agricultur  Grassland  Bare soil   
--------------- ---------- ---------- ----------   
   Unclassified          0          0          0           
          Water          0          0          0           
    Woodland bc          1          0          0           
    Woodland bo          0          1          1           
      Woody veg          1          0          0          
        Thicket          0          0          0          
       Bushland          1          0          0            
  Agriculture 1          0          0          0            
  Agriculture 2         14          3          1            
      Grassland          0         13          1            
      Bare soil          0          1          6          
Column Total         17         18          9            
  ----- End of Error Matrix ----- 
 
ACCURACY TOTALS 
---------------- 
          Class  Reference     Classified Number Producers Users 
           Name        Totals  Totals Correct  Accuracy Accuracy 
     ---------- ---------- ---------- ------- --------- ----- 
   Unclassified             0      0      0       ---   --- 
           Water                   6      5      5     83.33% 100.00% 
    Woodland bc              12      16     10     83.33%  62.50% 
    Woodland bo                 8      13      7     87.50%  53.85% 
      Woody veg               12      14      9     75.00%  64.29% 
        Thicket                   7      8      7    100.00%  87.50% 
       Bushland              14      9      8     57.14%  88.89% 
  Agriculture 1              13      7      6     46.15%  85.71% 
  Agriculture 2               17     19     14     82.35%  73.68% 
      Grassland             18     16     13     72.22%  81.25% 
      Bare soil                  9      9      6     66.67%  66.67%   
         Totals               116     116     85 
Overall Classification Accuracy =     73.28% 
  ----- End of Accuracy Totals ----- 
KAPPA (K^) STATISTICS 
--------------------- 
Overall Kappa Statistics = 0.7003 
Conditional Kappa for each Category. 
------------------------------------ 
                                              Class Name           Kappa 
                                              ----------             ----- 
                                            Unclassified  0.0000 
                                                   Water           1.0000 
                                             Woodland bc          0.5817 
                                             Woodland bo          0.5043 
                                               Woody veg         0.6016 
                                                 Thicket           0.8670 
                                                Bushland  0.8736 
                                           Agriculture 1    0.8391 
                                           Agriculture     0.6917 
                                               Grassland  0.7781 
                                               Bare soil          0.6386 
  ----- End of Kappa Statistics ----- 
 
2011 MOSAIC IMAGE 
   
Image File : i:/kenia11/so11001598001-01/11_mosaic.img 
User Name  : emr 
Date       : Fri Aug 12 18:49:29 2011 
 
ERROR MATRIX 
------------- 
Reference Data 
Classified Data Unclassifi      Water  Woodland1  Woodland2  
--------------- ---------- ---------- ---------- ----------  
   Unclassified          0          0          0          0  
          Water          0          2          0          0  
      Woodland1          0          0         11          3  
      Woodland2          0          0          0          4  
Woody vegetatio          0          0          0          0  
        Thicket          0          0          0          0  
       Bushland          0          0          0          0  
   Agriculture1          0          0          0          0  
   Agriculture2          0          0          0          0  
      Grassland          0          2          0          0  
     Bare areas          0          1          0          1  
Column Total          0          5         11          8  
 
Classified Data Woody vege    Thicket   Bushland Agricultur  
--------------- ---------- ---------- ---------- ----------  
   Unclassified          0          0          0          0  
          Water          0          1          0          0  
      Woodland1          1          0          1          0  
      Woodland2          0          0          0          0  
 Woody vegetatio          7          0          3          1  
        Thicket          1          6          1          0  
       Bushland          2          0          5          0  
   Agriculture1          2          0          0          6  
   Agriculture2          1          0          0          4  
      Grassland          0          0          1          1  
     Bare areas          0          1          0          0  
Column Total         14          8         11         12  
 
Classified Data Agricultur  Grassland Bare areas   
--------------- ---------- ---------- ----------   
   Unclassified          0          0          0            
          Water          0          0          0           
      Woodland1          0          0          3            
      Woodland2          0          0          0            
Woody vegetatio          1          0          1            
        Thicket          0          0          0            
       Bushland          1          0          0            
   Agriculture1          1          0          0            
   Agriculture2         14          0          3            
      Grassland          0         19          1           
     Bare areas          0          0          3            
Column Total         17         19         11            
----- End of Error Matrix ----- 
 
ACCURACY TOTALS 
---------------- 
          Class  Reference Classified Number Producers Users 
           Name     Totals     Totals Correct  Accuracy Accuracy 
     ---------- ---------- ---------- ------- --------- ----- 
   Unclassified          0          0      0       ---   --- 
          Water          5          3      2     40.00%  66.67% 
      Woodland1         11         19     11    100.00%  57.89% 
      Woodland2          8          4      4     50.00% 100.00% 
Woody vegetatio         14         13      7     50.00%  53.85% 
        Thicket          8          8      6     75.00%  75.00% 
       Bushland         11          8      5     45.45%  62.50% 
   Agriculture1         12          9      6     50.00%  66.67% 
   Agriculture2         17         22     14     82.35%  63.64% 
      Grassland         19         24     19    100.00%  79.17% 
     Bare areas         11          6      3     27.27%  50.00% 
   Totals        116        116     77 
Overall Classification Accuracy =     66.38% 
  ----- End of Accuracy Totals ----- 
KAPPA (K^) STATISTICS 
--------------------- 
Overall Kappa Statistics = 0.6186 
Conditional Kappa for each Category. 
------------------------------------ 
                                              Class Name           Kappa 
                                              ----------                      ----- 
                                            Unclassified          0.0000 
                                                   Water                   0.6517 
                                               Woodland1          0.5348 
                                               Woodland2          1.0000 
                                        Woody vegetation          0.4751 
                                                 Thicket                    0.7315 
                                                Bushland          0.5857 
                                            Agriculture1          0.6282 
                                            Agriculture2          0.5739 
                                               Grassland          0.7509 
                                              Bare areas          0.4476 
----- End of Kappa Statistics ----- 
